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PART V 


• THE FACE OF THE EARTH 

(CONTINUED) 

CIIAETEli I 

ENTRY OP THE ALTAIDES INTO EUROPE 

The European Altaides. The horst of Azov. Prolon/^rition of the Caucasus. The 
Crimea and Bul|:'arian ]>latforin. Balkans and Carpathians, The Cimmerian mountains. 
Summary. Alien fractures in the Variscan arc. 

Tha Eiiropean Altaides. Ahnost the whole of Europe must be assigiied 
to the Asiatic system. The boundary is tlie Caledonian disturbance (II, 
p. 51 ; III, 388). Beyond it lie the outer Hebrides appertaining, together 

with the several peninsulas of the mainland, to another system- the Atlantic 

(111,386). The volcanic region of Iceland, with Jan Mayen, the Faeroes, 
St. Kilda, and an offshoot extending to tlie north-east of Irelaml, lies partly 
in the Atlantic region, paHly in the zone of the Caledonian disturliaiice. 
Save for these exceptions, the whole of Europe is morphologically a part 
of Asia, 

We have already called attention to the presence of two Asiatic elements 
in Europe, namely, the Dinariiles (III, 316) and the Russian platform with 
the Uralides (III, 358). 

The Dinarides are a part of the marginal arcs of the periphery, and the 
Russian platform may be regarded as a fi-agnient of the Sayan })ortion 
of the ancient vertex. Between these two lie the chains of the w<?fetcrn 
Altaides ; extending through western Asia they advance to the Ixmiidary 
of Europe, and are represented in Europe itself by a vast mountain system, 
which may also be recognized outside this continent, even beyond the 
Atlantic Oc(\an the Mediterranean Sea. The relations, disposition, and 
other characteristics of this system lead us to regard it as the natural 
continuation of the Altaides of Asia, and we shall designate it by the same 
name b 

’ The term ‘Altaides* is not synonymous with ‘ Hercynian,* now so much in use. 
Marcel Bertrand writes : ‘ The term Ihrajnmn chmn'whiAi I have proposed for the whole 
ot the Carboniferous folds of northern Europe has been criticized, not without reason, 
since the meaning I have attached to it is an extension of its original application, and 
consequently a departure from it. I shall continue to use it without defending it, but 
in the hope that some one wdll propose a better ’(^Bull. Soc. gcol. de Fr.. 1892, 3*^ ser., XX, 

^ ,,80LLA8 IV B 



2 ENTRY OF THE ALTAIDES INTO EUROPE [party 

We may commence by recallinp^ the evidence already adduceil to show 
the original continuity of the pre-Peruiian borsts of Europe (II, p. 129) ; 
the sketch-map (PI. V, I, p. 463) representing the relations of the Asiatic 
to the European chains, so far as we could determine them ; tlie diagram of 
the Alpine trend-lines (I, p. 232, fig. 26), in wdiich the Dinarides are dis- 
tinguished from the Alps (I, p. 497) ; ami tlie sketch (I, p. 480, fig. 47), which 
includes the Balkans and the Carpathiams of Rouniania. 

In western Asia a marked divergence in direction gradually arises 
between the trend-lines which strike to the north-west and remain true to 
the vortex, and those, proceeding chiefly from tlie Thian-shan, which run 
more to the west-north-west. This divergence becomes at last so consider- 
able that the Yergeni mountains, the last foxnued of the Uralides, meet the 
Caucasus, wliich is a branch of the Altaidos, almost at right angles 
(III, 361). 

Ill Asia, as in Europe, there ai'o some folds which are older and others 
which are younger than the upper Carboniferous or the Permian. This 
divstinction is often emphasized by unconformity, but in Asia the younger 
folds are incorporated with the older in the same mountain system, and 
are not sharply seixirated from them in space. An example is furnished by 
the observations of J\Ierzbacher and Keidel on the river Kok-shal in the 
soutli Thian-shan, where the unconformity at the liase of tlie lower Carboni- 
ferous is as clearly marked as in Brittany or Silesia, and that at the base 
of the upper Carboniferous is no less evident. The folding has not pro- 
ceeded without interruption, but on the whole it has been repeated along 
the same lines, and the common outer border has been driven southwards 
over the Gobi berls A similar example is afforded liy the marginal arc of 
the Himalaya as represented by the Siwalik zone ; and many other instances 
might be citerl. 

In Europe the case is differenL 

In that southern part of the Russian platform known to Russian 
geolo*gists as the Iwrst of Azov two great tectonic changes set in. 

In the first place the chains of the Altaidos, hitherto folded towards the 
south, now become folder 1 towards the north, and this reversal is the more 

p. 119, note). The na me has subsequently been extcndi'd to ))re-Ponnian chains in many 
other parts of the world. It was used 1»y the ^reat master in* contradistinction to 
the Alps. ITie important point for b. von Buch, when he created the * llercynian 
system’, was the (oro^^raphieal) north-westerly direction, for Marcel Berf.rand it was 
the tectonic age; in this wr>rk. where we are seeking to determine the main lines of 
the structure, it is the connexion with the Altai (III, pp. 19fi, 107), and there are very 
many pre Permian chains which rlo not belong to the Altaides, vsuch, for example, as the 
Ccirnic .‘lub-structurc ot the Dinaiides. It would, besides, have been diihculi to employ 
a term which is used at the same time both in its original and in a different sensf; 
(cf. Lepsius, tJeologie von Beatschland). 

^ H. Keidel, beologiR'he Untersuchniigcn in Siid-Tian-Schan etc., N. J. f. Min., 1906, 
Beilage-Band KXII. pp, 3S4, map ; in particular p. 277. 
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CH. l] 

reniarkahle sime in the sotdh of Europe the Dinorides, and in the north 
the ( ontimmtions of the Timan-Kanin vhwin, still retain the Asiatic folding 
Ummrils the south. Thus tho intervening Altaides present themselves as an 
exception. 

In the next place those chains of the Altaides which are younger than 
the iipp(>r Carboniferous and the Permian are separated sharply in space. 
They lie almost wholly within subsided areas of the Altaides, framed in by 
lines which frciquently cut across the strike of these mountains. We may 
regard the chains thus fra/med in as posthumous Altaides. The Alpine 
chains (Alpides) are their most important member. 

The Alpides are bordered hy a Tertiary zone. Nothing analogous to 
this is to be seen in the outer margin of the Variscan are, i. e. outside the 
Belgian coal-fields. Indeed the younger folding o(?cur.s but seldom in the 
horsts of the European Altaides, and is then only feebly developed. It is 
as though the frame had become rigid, and the folding, from the upper 
Carhoniferous omrards, had been confined to the downthrovrn areas, 

Nowhijre else on tlui face of the eartli has a like case yet been observerl, 
unless perhaps in Manchuria, where older fragments are said to occur with 
alien folding within the younger folds. 

Each of these tectonic changes stands in need of explanation. 

The long range of the Adak mountains (III, x>- as it pi'oceeds 
through the Grosslaiids tundra, follows, even north of the Usvsa, the direction 
of the principal cliaiii of the Urals, which liere runs about north-east b 
The Uralides give oft' first a branch to the north-west, which passes through 
Waigatz to Nova Zembla, and then a second in the direction of tho Timan- 
Kanin range (III, j), 374). In 1891 Reusch observed that brown and grey 
sandstone and slate are thrown into fohls on the Varanger Ijord and the 
Tana fjord, and that they form the continuation of certain rocks met with 
by Bdtliliiigk in Fisher fieninsula, off the nortli coast of Kola. They 
contain intercalated beds with ghiciated boulders^. At the time those 
observations weri^ made the sandstone was regarded «us faulted down 
against tlie Archaean complex lying to the south. But llamsa)’, in a 
study of tlu?. north coast of Kola, has since shown that this sandstone 
belongs to the border of a folded range driven towards the south, and 
represents, indeed, the continuation of tho Timan chain. 

The island of Kildiii is the first indication of this mountain border ; 

‘ T. N. Tschernyschew, Additional obRcrvations on the Bolschesemelskaja Tundra; 
Izviestija Acad. Imp. Sci. Saint-Petersb., 1907, pp. 205 208. Pytkov (not Hutkov) 
Kamcn,cast of the mouth of the Petchora(llI,p. 370), is composed, like Kanin, of sericite 
Hchists. 

® H. Reusch, Dot Nordlige Norges Geologi, Norg. (Jeol. Undoreog., No. 4, 1892, pp. 22 
51 (also op. cit., No. 1, 1891, pp. 78 85) ; A. Strahan.On Glacial Plicnoiuona of Palaeozoic 
Age in the Vjirangor Fiord, Quart. Joiirn. Geol. Soc., 1897, LIII, pp. 137-140. 

B a 
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Fisher peninsula is the second; in the constriction which separates the 
Srednij-Puostrov (middle peninsula) from the mainland lies the boundary 
of the Archaean complex. The strike is north-north-west ; tluj dip of the 
beds is to the north-west, and indicates an overthrusting of the mountain 
border b 


Dal's investigations show that the folds strike across the whole breadth 
of the Varanger peninsula into the Tana fjord 

The age of the sandstone is unknown ; it is supposed to l)e J.)ovonian ; 
but in any case it must be later than the Caledonian dislocations of north 
Norway, since its folds cross tlie direction of these dislocations. 

In tlie north of Europe, th<n*efore, the dominant movement is towards 
the south. That this is also the case witli the Dinarides, in the south, has 
already been shown. The folding directed to the nortli, which characterizes 
the Altaides lying west of the lioi’st of the Azov, is thus ol)viously excep- 
tional ; but it persists even across the Atlantic Ocean and beyond. 

We must nov' consider the downthrown areas of the Altaides, and the 
horsts surrounded l>y them uhich form the outer frame. 

We are already familiar with the horsts of the Varimm and the 
Aniwriran ares (II, pp. 97 and 86). 

Anotlier important part of the Altaides is the Iherian Me^^eta (11, p. 122). 
The basin of Asturias (fig. 14, II, p. 125) has been explained as tlie inner- 
most part of an ancient region of torsion, a region like the bend of 
Gibraltar. Termier lielieves that the overtlirusting of i‘ecumbent sheets 
affords a bettm' explanation of the structure. Furtluu' observations are 
necessary to decide this question. Along straight line running from Oporto 
to the south -south-east marks tlie western boundary between the Mcscta 
and the Mesozoic sediments; but Ix'yoiid tliis line some little islands of 
granite and gneiss, the Berlciujaii, rise from tlie sea off eaj^e Carvoeiro, 
as though the anciimt rocks were continued beneath the ocean. 

The Muidiujm ^oire is an ind(;pendent branch of the Altaides, sharing 
a common outline with the southern part of the Central Plateau, but 
distinguished from it l»y a rlivergent strike to the west-vsouth-west and by 
well-marked overthrusts. The (v^evfsmes form its continuation to the east- 
north-east. The hills ol; Barcelona, beyond the Pyrenees, possess a similar 
structure. The Montagne Noire will be discussed iti greater detail in 
connexion with the Py renees. 


Ilu^ ( ormrfh^itUiih branch, like all the horsts so far described, reveals 


* W. llunmiy, Neiie Beitragr- /lu Gcologie dcr Halbinsel Kola, Fennia, 1899, XV, 
No. 4, pp. (; 1 U ’ » 1 » 
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itseU* as part of the Altaides by the unconfonnable superposition of the 
upper CarboniferoUvS. It includes the greater part of Corsica and the whole 
of Sardinia, strikes to the south-soutK-east, and may be traced through 
84 degrees of latitude. It is distinguished by peculiar Mesozoic trans- 
grossions, which wo shall rofei* to when describing the northern Apennines, 

A divergent mass is formed by Calabria and the Peloritan mountains in 
the north-east of Sicily; al>ove the ancient rocks it exhibits a Cenomanian 
transgression of African typo, indications of wliich have also been observed 
in Sardinia. Groat overthnists affecting whole regions have been recognized 
in Sicily ; it is not knowni whether, or to what extent, they make them- 
selves felt in this mass. 

In adrlition t(j the oxample.s mentioned above, ancient fragments are to 
he seen rising out of the younger folded I’anges. This Ls tlie case par- 
ticularly in the Pyrenees, but also in the Pelvoux, tlie Tddi, and elsewhere. 
In the Styriaii alps the fossilitV.rous series beginning with thci plaut-l)earing 
beds of the middle or upper Carboniferous is sometimes met witli. 

Under these circumstances it is very difficult to picture to ounselves the 
original {dan of the western Altaides, l)ut the configuration of the Appa- 
lachians, the relation of the Jlontagne Noire to the ("cntral Plateau, 
and the course of the Altaides in Africa, might lead us to suppose that it 
formed a great virgation open towards the soutli-west and south. 

In some eases ilte mhi<ideace>> tivJjerfMl hy (jreat t^yUrtn did not 
afford siiffirient room for the yoiinyer rhains vddrh rame vrov'ding in ui>on 
them ; in others, as in South Germany, vacant spaces were left 1)etween the 
irregular outer fnime ami the great curves swept out by the chains. Even 
the southern scarp of the Meseta extend.s to the west far beyond the arc of 
Gibraltar b The new folds, however, occasionally strike right across 
the ancient folds, as, for instance, when they meet the Sudetes or the 
Great Atla.s, 

The most striking example, however, is afforded by the Alps. After 
the first mighty bends at the Iron gate and in the soutli-east of Transylvania^ 
th(5 Carpathians swell out in a broad arc over the soutliern part of tlie 
Russian platform and overwlielm the Sudetes. Then Bohemia forces the folds 
into the frame formed by tlie \biriscan Iiorsts as into a funnel. Not being 
al)le, like the Carpathians, to surmount the foreland or to dislairdeii them- 
selves by thrusting out an unimpeded branch, they achieve the most 
stupendous overthrusts. 

The Alps terminate in the Balearic islands, but to the north lies another 
down thrown area within which the foUhs of Provence arise ; these enter 
into connexion wdth the Pyrenees under peculiar circumstances. The 

^ 'r. Fischer, Orographie <ler Iberiachen Ilalbiusel, Feterm. Mittli., 1S94, pp. 241)-256 
and 277 -285, map. Chffoat thinks that a connexiuii with the border in Algarve is not 
proved. 
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Meseta does not roach the sea across Santander; but is divided from it 
by a range of younger folds, which probably form the border of another 
subsidence. 

In the subsidence of western Portugal younger folding likcnvise occurs. 
There the Culm, the unconformity of which is the earliest precursor of thti 
formation of the Altaides, plays an important part in tlu) structure* of the 
Meseta. A number of granitic intrusions confuse the picture, and con- 
clusions drawn from the configuration of the surface must be received with 
more than usual reserve. From Choftat’s accounts it appears that here, as 
in the northern part of the Fast Alps, the younger folded series begins 
with the Trias; the folds are on the whole gentle and not very long, but in 
the Aralida chain, wliich reaches the sea in cape Espichel, strongly marked 
imbricate structure occurs, with movement to the south-soutli-east. Unfor- 
tunately, this chain is so short that it is scarcely possible to form any 
decided opinion as to tlie nature of this exceptional movement to the 
south b 

The subsided area of London and Paris likewise exhibits young<jr 
folds (the Weald among others). 

The occurrence of younger posthumous foMs in tlic more important 
subsidences of the Altaides, and especially in r(.‘gions where tliere is no 
direct connexion with Asia, points to the existence of a very general 
folding force, which only finds expression within the frame. 

Subsidences of a similar kind havii also occurred outside the Altiiides. 
That of Venice, and tlie Aegaean inlireak, lie in the Dinaridos. Beneath 
the south-eastern pai't of th<* Mediterranean a fragment of the desert plat- 
form of Africa has been let down. But none of these subsidences which lie 
outside the Altaides shows signs of younger folding. 

The Alpine foldings havi* l>een prece<led or accompanied by subsidence, 
which, judging from the evi<lence afforded V>y Radiolarian rocks, must have 
amounted during the Jurassic epoch to at least 4,000 meters. But subsi- 
dences have also followed the folding. As instances, we may cite the 
Vienna basin with its belt of thermal springs, Hungary with its arc of 
Tertiary volcanos, and tlie clearly defined <lownthrown area of western 
Italy, also with its volcanos. We have already suggested the possibility 
that the subsidence of the Tyrrhenian Sea may be on the verge of extend- 
ing itself even at the present day (1, p. HO). Caldron fi*actures have 
occurred at a very late purio<l. as, for instance, in the Roussillon. There are 
however several isolated windows in the midst of the Alps which do not 
owe their origin to subsidence, and these suggest the question whether 
there may not exist a t<ec(rfidiiry folding of t1u\fraine within the Alps. 

' Choffai, Pli-fnille et cbevancin'meats horizontaux dans If; Mesozolifiue du Portugtil, 
C. K. Acad. feci. PariH, Juill. pji, 337, and, in particular, Notice sur la Carte 
hypsomefrique do Portiigab Oonun. nerv. Portugal, 1907, VII, 71 pp., map. 
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It will appear from the preceding remarks tliat there is no part of the 
face of the earth which presents greater difficulties to an exact analysis 
than that part of the Altaides which lies west of the horst of Azov. Such 
an analysis is the task reserved for the following chapters. The Pontic 
region, the immediate link with Asia, is of such importance that it must be 
given precedence. But it is not only in the form of gi*eat folded ranges 
that Asia advances towards Europe. There are many reasons for regarding 
certain long lines of fracture (Karpinsky’s lines), which strike to the west- 
north- west or north-west, as of Asiatic origin. 

We may first consider Karpinsky’s lines and the regions surrounding 
the Black Sea. 

Then we will proc(^e<l to the Altaides in Europe, with their continuations 
in North America and North Africa, and conclude with a discussion of the 
younger cliains within the frame. 

The horst of Azov. From the south of the Russian platform we may 
mark off a horst (III, p. 383). Its boundaries have been precisely detennined 
by T(iisseyr(‘^ and Laskarew^’. It is known as the Poc/o/v'ccyi horst or the 
BodoHan platform. 

The border of the (.^xrpathians reveals great overthrusts. Nothing, 
indeed, could be more manifest than the overriding of the Sudetes across 
their whohi breadth (I, p. 186, fig. 24). For the region wliich lies next to 
the east, tlie course of two rivers, the Weichsel and San, appears to possess 
particular significance. 

The towns of Cracow, Sandomir, and Przemysl mark out a triangle, 
covered by recent sediments, whicli includes these two rivers and tlie border of 
the Carpathians (I, pp. 184, 469). At its apex, near the mouth of the San, the 
Sandomir range? makes its appearance. From here on towards tlie south-west 
a fault is supposed to accompany the cour.se of the Weichsel, along which the 
Sudetes arc thrown down. In any case the Sandomir mountains represent 
a frontal chain of tlie Sudetes, comparable in some degree with the Jura. 

The course of the San, however, corresponds approximately with a line 
continuing the direction of the north-eiist border of this frontal chain. 
Near Przemysl the river issues from the Carpathians, and along the whole 
sweep of the Carjiathians, from the west up to tliis point, lioulders are 
found which belong to the Sudetes or the Sandomir mountains. W6jcik 
has sliown in particular that all the stages of the foreland, from the 
Devonian to the Kimeridge, are represented in the boulders wliich occur 

^ W. Teiaseyro, Versuch einer Tektonik ties Vorliiiules der Karpathen, Verb. k. k. geol. 
Rcichsanst., 1903, pp. 289 -308 ; Der palaeozoische Horst voii Podolien und die ihii 
mngebenden Senkungsfolder, Beitr. Palaont. Oesterr.-Ung., 19(13, XV, pp. 101-12(>, maps. 

* V. Laskarew, (Geological Investigations in the Districts Ostrug and Dubno, Volhynia, 
Bull. Com. geol. Rnssie, 1904, XXTII, pp. 425-461, and Observations on the Tectonic 
Structure of the Ciystallino Platform of South Russia, op, cit., 1905, XXIV, pp. 235-295, 
map. 
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in the neighbour] lood oi' Przeinysl. They lie in Oligoeene Flysch, either 
loose or as conglomerate, and Wtycik explains them as parts of the faulted- 
down foreland carried up to the surface from below 

They are intra-telluric erratics, and indicate that as Far as Przemysl — 
that is, up to tlie river ^an — the foreland still belongs to the Variscan 
system, the boundary of which is reached by the l)()i‘der of the Carpathians, 
J3()() kilometers east of Cracow. Indeed even the great fragments of ancient 
Coal-measures sometimes erroneously regarded as workable — which have 
long been known in the Flysch of the East Carpathians, are met with, as 
Professor Niedzwiezki informs me, as far as Delatyn on the Pruth (long. 
22" 20' E.). 

We will now leav4.‘ the bordei* of the ('arpatliians. 

A boring at Lend)erg Failed to reach the l>ase of the Senonian at a depth 
of 501 meters. 

On th»: Dniestr, near Nizniov (east uf Stanislau), a gradual transgression 
of the uppermost part of the J urassic occurs, and prol>ably extends from the 
north-east side of tlie Sandomir mountfiins as far as this point 

More to tlie north, on the Zlota Lipa (left tributaiy of the Dniestr), 
coralliferous Devonian dedomite, resembling that of the Sandomir range, 
occurs above the Devonian sandstone 

Then the western characters disappear, and on the Dniestr tlie l^ilaeozoic 
series of the horst is exposerl. It dips gently towards the Carpathians, Init 
is separated from thtmi l)y tlie broad valley of the Pruth. In Moldavia the 
distance between the horst and the Carpathians increases rapidly. Tlie 
Pruth makes a bend to tlui ♦*ast, and mnir liadautzi enters a Cretacetius 
plateau. Tliis lias led »Siniionescu to conclude that the horst also extends 
across the Pruth \ 'I’he southern boundary of the horst reaches the sea of 
Azov near Berdiansk. Nortli of this toAvn it terminates, appearing in the 
landvscape as an extensive, hilly land rising from amidst a flat country. 
Morozowicz luvi given a map of tliis rcgi(m (III, p. 385). 

Tins hilly land is the horst of Azov; it is a part of tlie Podolian horst. 

Let us again turn our attention to its north-western extremity. Here 
according to Liiskarew, in the districts of Diibno and Ostrog, indications of 
two subsidences may be found. l1io first, that of Peltcha, is bordered by 
the marine upper Devonian of the western mountains; the second is 
associated near Rovno witli some completely isolated exposures of Imsaltic 

^ K, Wvijoik, Lxotischo Tilocke im Flysch von Krul)i?l Wielki bei I’rzeinysl, liull. Acad. 
Sci. Cnu ov, 1007, pp. 400 527. 

J. V. Sieininulzki, Ulier die lilioileriing und Verbroitung der Jura in Poleii, Jahrb, 
k. k. geol. Kciolisanst., 1889, XXX IX, pp. 45 54, in particular p. 46. 

k. Alth i. Fr. liioniasz, Atbio geol. Galicyi, Til. H, XI 1 1, Monasterzyska, Knikau, 1887, 
Text, p. 49. 

' J. Sirnioncsen, Erroicht die nifwisohe Tafel Kumariien? Centuilbl. f. Min., 1901, 
pp. 103, 104, also A nn. Sci, Univ. Jassy, 1002, p],. 4-G. 

® Morozevvicz, Ball. Cow. liai^sie. 1901, XX, ]>. 574, tab. vi. 
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rock. The boundary of the Podoliau horst then turns towards the north, 
and afterwards pursues a course to tlie soutli-east, following at some dis- 
tance the right bank of the Dniepr. It crosses the river near Krernentchug, 
find iintiUy reaches the north side of the horst of Azov, 

This tVagnient of an fiiiciont mountain system has played an important 
part iti detennining the configuration of Europe. 

Karpinsky has expressed the opinion tliat the deflexion of the Caucasus 
towards tlie Crimea is to be attributed to it (III, p. 386). It is a remarkable 
fact tkat the heltat^iour of the trend-lines as they enter this retjio^n from 
Asia differs acayrding as they pass south or north of the horst. 

The Caucasus maintains its direct course to the west-north-west or 
north-west, a trend so clniracteristic of the great V)ranc!\es of tlie Asiatic 
virgations, till they approfich the Crimea. At this spot the conditions 
suddenly change. 

The ( -arpat Ilians cannot unite with the Asiatic lines except on the 
,south of the horst; the Ilussian platform leaves us in no doubt on this 
point. Fi’om the horst onwards the folding turns to the north; and in 
place of thii straight lines of the Caucasus we ha\'e tlie winding trend-lines 
of C^euti’al Europe. 

The case is altogether dillerent on the north of the liorst. The direct 
coin-se to the wtjst-north-west or north-west, ajid, so far as can be made out, 
the Asiatic movement to the south also, are maiiitaiued unchanged. It is 
liere that Karpinsky's lines begin. (I, PI. V, mm). 

Tlic fold of Kulandy fit the north-west extremity of the Sea of Aral 
and the scattered occurrences in the Astificlum steppe are isolatc^d 
plienouuuja whicli for the present we may leave out of account. 

Of much greatc*r inipox'tfuice is the liw of the Alai (I, p. 468). The 
Alai mountains, the Turki‘Stan rfingc^— -the Malgiisar — the Miiratau (PI. Ill, 
lII,p.281),tlH^ >S('lieich Djeli- Maugishlak — the ('oal-ineasures on the Donetz 
(6 on PI. V, I, p. 463) — sucli is the series of coulisses which, striking at 
first in an arc sliglitly convex to the soutli and then in 4i stmight line to 
the west-north-west, starts from the north border of the Pamir, and runs 
along the north side of the horst of Azov. 

In confirmation of Karpinsky’s conjectures, Bogatschew has found 
fragments of fossiliferous upper Carboniferous rocks in Tertiary sands on 
the southern slope of the Sal-Many tch watershed (close to lat. 42 ' 30' E.), 
and in such abundance tlnit we must suppose a reef of this limestone to 
exist a little below the surface. The direction of the watershed if produced 
beyond Novo-Tchorkarsh will be found to meet the axis of the principal 
anticline whicli runs through the Carboniferous of the Donetz^. 

^ W. Bogatschew, The Steppes of the Pluvial Region of the Manytsch, Bull Com. g(H)l 
Rnssie, 1903, XXll, pp. 13 162, map, in particular pp. lf>3 et seq. Folds of the 
Ural group appear far to the west ; cf. A W. Pawlow, >Some new facts concerning the 
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The coal-beuring Cjirboniferous beds crop out no fnrtlier away tlian 
a point north-east of Konstantinovskaia on the Don ; and in the soutli 
near Taganrog the upper Devonian has been readied by boring; it occurs 
as a band between the south side of the (^irbonifcrous and the ancient 
crystalline horst. This Carboniferous area, which forms the coal-field of 
the Donetz, is already known to extend in a north-westerly or west-north- 
westerly direction for about 370 kilometers, wdth a maximum l)readth 
of 160 kilometers. An admirable account oi' it has been given by 
Tschernyschow and Lutugin. From the upper Devonian, with which the 
great series begins, up t<i the base of the liorizontally bedded Tertiary, 
there is a complete al>sence of unconformity. Nevertheless certain 
members, as, for exam})le. the Ti*ias and lower Cretaceous, are without 
dt^finite rej^resentatives. Even at the l}ase of the upjK'r Carl>oniferous 
or the Permian, so frequently characterized by unconformity, no sign of 
disturl>ance is to l»o found in this area. The more southerly parts of the 
coal-field consist, at lejvst in the basin of the Kalmjuss, of older sediments, 
such as tlie uj)per Devonian and the lower <li visions of the Carl)oniferous, 
and arc characterized b}" comparatively horizontal bedding, strike faults, 
and troughs. It is only towanls the middle of the region tliat folding 
sets in, and there a so-called master anticline occurs, as well as elliptical 
dome-shaped saddles (braehy-anticlines), sadrllcs with a steeper soutli limb, 
and finally close and crusherl folds which owe their character to repeated 
alternations of rocks of very flilferent degrees of resistance, and to the 
formation of thrust-planes and fractures h 

Borissjak lias descriljed the manner in which these close folds disappear 
to the north-west in tlie direction of Ussjum. They are completely worn 
down to a plain, on the surface of which the anticlines appear as isolateii 
ellipses striking to the north-west, and presenting a more or less concentric 
structure, geiuirally with a steeper south limb. The older sedinumts are 
more intensely folded, the younger — at any rate tlie Cretaceous — less so. 
finally the whole system descends Ixdow the surrounding Oligocene'^. 

structure of the basin of the River Medwjeditza and the Lower Volga, Bull. Soc. Imp. 
Nat. Moscou, 1901, pp. 221 231 ; Traces of mountain-forming proces.se8 on the Don, 
between the plains of Kljetzkaia and near the Three Islands, I/.viestija luip. Obsch. Lubet. 
Lstest. Antrop. Etnogr. Mo.-kwa, 1901, pp. 1 Bull. Com. geol. Russie. 1903, XXII, p. 250. 

he meeting-place of tin* ^ergeni mountains and the Manytch probably lies in about 
lat.44^'50'E.(III, p.361). 

’ T. Tschernyschew et L. Loutougin, Le Bassin du Donetz, Guide des Excurs. du VII® 
ongres Geol., 1897, XVJ, >5 pp., maps. It is true that in some places in the south the 
Cretaceous rests directly upon the Carboniferous, althr)ngh it there presents steep angles 
ot inclination. P. P. Piatnitzky, ObservationK on the Cretaceous Beds of the Don and 
the left bank of the Dnjepr, Report of the University of Charkow, 1889,111, 178 pp., in 
pa -icu ar p. 45. In the interior of European Russia, Karjiinsky suspects the presence 
of similar traces, Bull. Acad. Imp. Hci. Saint-Petersb., 1907, pp. 243 -246. I tlid not think 
that the bandomu mountains should l>c referred here. 

A. Lorissjak, Ueber uic lektonik Dcnez^IIohenzuges in seinen nordwestlichen 
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The Dnicpr follows tlie south margin of the coal-field, and even as far 
up this river as Kanev disturbances have been observed in the Jurassic 
and (hetaceous b 

Here, according to existing data, Ix^tween lats. 31'’ and 32'^ 1?., the zone 
of dislocations which starts from the Manytch comes to an end. 

F'mlontjation of the CVaeams. Let us turn next to the south side of 
the liorst of Azov. 

In our first attempt to determiiie the course taken by the Asiatic 
trend-lines, as they proceed towards the west, we marked one of tliem as 
extending from tlie Caucasus towards Kertch, with a V)end in the Crimea 
from north-west to south-west U, p. 463, PI. V). At the same time we 
called atbmtion to the greater age of the Critn(‘an fragment as compared 
with the later movements of the Caucasus. The mountains of Matchin in 
the l)ol>rudja were left as an unsolved problem (I, pp. 472, 476). 

Tlie Caucasus is distinguished from other chains l>y many peculiarities 
of structure. Its rectilinear coiirse seems, as previously pointed out, to 
mark it as a branch of the Tl)ian-shan. Sarmatian lie^ls liavci Ixjon carried 
up with the chain to a height of 2,200 meters. Its middle part may be 
described as a great fold, overturned to the south-west. In the south-east 
the southern part disappears below the valley of the lliom. 

Recent observations — in particular the disc(n'ory of Pseudomonotis 
ochohea and the Rhaetic stage — havi^ added many details to oui* knowledge 
of this ranged, but tliey have scarcely modified the general description 
which wfj owe to Abicli, at least as regards its loading features. Yet with 
such a. structure it is still perplexing to find the Mesozoic sediments of the 
south so ditlerent in character from tliose of tlui north. Probably the 
amount of the overthrusting towards the south is vmy considerate. 

Folds of Sarmatian age, and e.ven of more recent date, are present on 
both sides of the mountains. In the south they are ovorfolded from the 
north along with the older sediments. They follow the north border of 
the mountains with considerable regularity, as may V>e seen, for instance, 
near Derbent'^ and Stavropol, Abich was aware that the folds of the 


Ausliiufern, Contralhl. f. Min., 1903, l>p. 644 ()49, map, vind Goologischc Bki/'/e <ies Kreises 
Isjum, Mom. Com. gool. Russie, Noiiv. sth., Livre 3, 190r>, 423 pp., map. Some of tht?se 
domes form an exception and are steeper towards the north ; tlu* last, lying furthest to 
the north-west, is cut through transversely by a m«*ridional flaw, which is later than 
a part of the Tertiary series. 

* I, p. 468; Karitzky thouglit he only perceived local dowuslips, Rep. Univ. Chaikow, 
1^B8, IX, pp. 381 394. Laskarew seems to include them in tlie marginal disturbances 
oi the Podolian horst. 

T. Tschernyschew, Discovery of the Upper Trias in t he North Caucasus. Izviest ija Acad, 
l^up. Sci. Saint-Petersb., 1907, pp. 277-280. The occurrence of Spingera Manzorhiii 
*^»id other species which belong to Asia Minor is remarkable. 

A steep isolated fold of Barmatian rocks which is overturned above Derbent in the 
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north side are continued in an arc slightly convex to the north across the 
north-western extremity of tlie range, and the trend-line on PI. V is based 
on this observation. 

The Caucasus terminates near Anapa in ranges of Cretaceous Flysch 
with a north-west striked North of this locality we enter tlie region 
investigatcil by Andrussow 

Parallel to tlie Caucasus runs a northern group of late Tertiary folds 
which passes through Temriuk into the northern half of the I'aman 
peninsula, assuming at tlie same time an east and west strike ; with tliis 
direction it crosses the strait of Kertch, forms the northern half of the 
peninsula, and bends in a gentle arc to the w<^st-soiIth-vvest ; it then lost's 
in impoHance, and termiiiat(‘S on reaching tlie Crimean steppe. 

A southern grouj) of folds adapts itself at first to the northern group 
and fills the interval between this and the noi'th foot of the ( 'aucasus. It 
strikes into the Sfiuthern half of Taman, gradually diverges from tlu' 
direction of the northern folds, and, assuming a south-westerly din^ction 
along the south-west coast of Taman, prerceeds into the south-east part of 
the peninsula of Kertch. to disappear beneath the Black Sea. 

The angle between tliese divergent groups of fohls is occuj)ie<l by 
a plain which forms the south-wt.‘st of Kertch, and is separat<Ml from the 
folds by the ]\Lrf>oii<h scarp. This plain may l>e rogardrsi as a sort of 
apron or as a glacis of tlu^ eastern extremity of tlie Crimean mountains. 
Near Theodosia this eastern extremity shows an outcro[) of Tithonian 
rocks. 

Andnissow originally supposed that the folds were fornuMl during the 
interval between the Sarmatian and the Maeotic stages. Subset|uently 
unconformities obsm’ved at rlifTerent horizons led him to conclmle that the 
folding and denudation might have been to some extent simultaneous, aud 
might perhaps have contimu.‘d even into post-Pontic times. Overfolding 
lias taken place, in the direction of the principal chain, i.e. in the AaitUir 
direction towards the soutli or .soiith-ea.st. 

Here nature offers us an instructive illustration of the way in which 
recent folds are divided into divergent fascicles, instead of being dammed 


0]>posite directi(;n to the liOitli-wost by its curious struciurc the gliding back 

of inclined beds. I). W. (hilubiatnikow, (ieological ol)st;rvation8 in the Naplitha njgions 
ot the district of KaUago'rabasaran, Hull. Com. geol. Kussie, 1902, XXI. pp. 097 - 
7o4. 

' S. Nikitin, Geological structure of the. district of Noworossiisk, Hull. Corn. geol. 
Russie, 1902, XX f, pp. 653- 070. 

N. Andru.ssow, Gcotectoiiics of the Peninsula of Kertsch, Mater. Geol, Russie, 1893, 
XVI, pp. 1- 272, unip; Liivirons de Kertseh, Guide du Congr. geol., 1897, XXX (map of 
the trend-linos); Geological investigations in the Kiihau region, Travaux Soc.Nat. Saint- 
Pdtersb., 1^99, XXv Uf, pp. 179 214 ; treological observations on the Peninsula of 
raman, Mater. Gool. Pu.j.sie, 1904, XXl pp. 257 381, map et passim. 
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back, by an alien ancient range (Theodosia). The northern fascicle 
tenninates in free ends, the southern descends beneath the sea. 

At Opuk, off the south co^ist of Kertch, close to where the Parpatsh 
scarp reaches the sea, there emerge a number of small and difficultly 
accessible * Klippen the Korahli (caravels, ships). Dubois was alrea<]y 
aware ^that they consist of a cry.stalline rock, foreign to the neighbourhood. 
Andrussow mentions loose fragments of amygdaloidal rock with zeolites, 
phyllites, &c., as occurring on the adjacent coast; von Vogdt regards the 
Korabli as a remnant of the Crimean mountains. 

Crimea and the Btdgarian platform. The bifurcation of the younger 
folds of the Caucasus has been caused by the fragment of a larger chain. 
If, in proceeding to the .south, we approach this fragment from the 



Fio. 1. The, ShuiU of Kcrkh (afitr Andrussow). Tho stroni^ linos indicate 
late Tertiary anticlines. 


( Vimean stepp(% we shall pa.ss over Miocene l)eds, Nuinmulitic limestone 
and the entire Cretaceous system, including the lower Neoeomian, all 
dipping very g(mtly to the north. The Caprotina limestone (lower 
Cretaceous) rises in steep basset edges, which face towards the south — 
that is, in the directioii of the mountains. 

The Neoeomian lies unconformablo and fairly flat on folded Lias and 
Oolites (I, p. 474). These IxmIs, together with some remarkable laccolites, 
look as thougli they formed the wdiole folded range of the Crimea, but this 
not the ease, since von Vogdt has discovered at Simpheropol and east 
this town an older series. This includes upper Carboniferous limestone 
with Schwagerina, conglomerate and sandstone with land plants, shales 
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with Pstmdomonoli^ oclioti(Xc, and lower Lias of the llierlatz type (East 
Alps). Tlien follows the widely extended Jurassic system ^ Patches of 
Lias rest unconformably upon Trias. Von Vogdt compares the mountains 
of the Crimea with those of Matchin (Dohrudja) ; both are of a relatively 
great age, and present a similar succession of strata. In the south-western 
extremity of the coast, near Phoros, Borissjak still observed rseudomotwtiti 
ochotica^. To the east, near Theodosia, the strike of the folds is east and 
west, near Simpheropol it is N. 75'’ E., and towards the south-west of the 
peninsula it becomes north-east. The folds form an arc slightly convex 
to the north-west. At tlie same time two considerable disturbances of 
different date may be recognized, one between tlie Trias and Lias, the other 
between the Jurassic and Neocomian. Unconformities have been observed 
in even younger beds. Their numl)er is surprisingly great; it looks as 
though tlie folding had been repeatedly renewed under different conditions. 

At several places in Bulgaria the upper Jurassic, which is unknown at 
the base of the Crimean stcjipe, has been observed by Piiters and Athanasiu 
at the base of the limestone plateau which joins on to the mountains of 
Matchin on the south Above the upper Jurassic there is a remarkable 
correspondence between the stratified aeries of tlie Crimean steppe ami of 
the Bulgarian platform. 

The Ilo(iuiena limestone (lower Cretaceous) lias bemi mentioned above 
as cropping out on the south side of the steppe ; Toula recognized it near 
Tchernavoda, and yet further away, extending over a very wide area. 

Near Inkermanii and Sebastoiiol, Senonian of the northern type overlies 
lower Cretaceous of the southern type; it also extends over the Bulgarian 
platform 

The Nummulitic limestone of Varna has been described l»y Favre as 

1 K. K.vonVof?dt,Traviiux8oc.Nat. Saiiit-Petersb., 1901, XXXIf, I Protocol, pp. ,302 304 
(sitting of Nov. 3, 1901 ). Crystalline rocks mentioned as coming from the Crimea apjiear 
to be inclusions in the Neocomian. I am indebted to Herr von Vogdt for valuable letters 
and sketches. 

2 Borissjak, Bull. Com. geol. Russie, 1904, XXIll, p. 20. 

^ Michel was probably the fir.st to recognize Neor-omian in this region (Bull. Soc. geol. 
France, 1855-1850, XIII, pp. 539-542), and his view has been adopted by Toula; Peters 
thought he identified upper .Jurassic. V. Paquier (Bull. Soc. geol. de Fr., 1901, 4*’ ser., 1, 
pp. 473 and 541), and Pouville (torn, cit. p. 474), have gone into this question. Both 
fonnations are present. Athanasiu has recognized Rauraciaii, Sequanian, and Kirneridge 
beneath the limestone with Monopleura (op. cit., 1890, 3^ ser., XXIV, pp. 595 601), also 
upper .Turiussic near Costaiiza ^(^uide du Congr. de Pdtrole, 1907, V, p. 24H). See in par- 
ticular Simioncscu, Stud. geol. .si pal. din Dobrogea 1, Acad. Bucur., 1907, No. XXI, 
97 pp. (in the Kournanian language). 

* E. Favre. Ktude s:tratigra]diique de la partie sud-ouest de la Crimee, 4^ aeneve, 1877, 
p. 30 ; Hebert, La ci-aie de la Crimee comparee a ctdle de Meudon et a colic de PAqui- 
taine, Bull. Soc. gr-ol. Kussie, 1870, 3“ ser., V, pp. 99-102 ; F. Toula, Geologische Unter- 
suchungen im O^t-Balkan, Denkschr. k. Akad. Wiss. Wien, 1890, LVll, p. 381, section 
of the table moiiritain. at Provadia. 
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the direct continuation of the Numrnulitic limestone of the south-western 
part of the Crimea K 

Toula has shown the identity of the Miocene series of Varna with that 
of Sebastopol (Helix-beds, Pecten-oolite, Spaniodon bedvS, Sarrnatiaii) (I, 
p. 489) *^. 

Up^the Danulie, fis at Silistria and Rustchuk, Toula still met with the 
Requiena limestone. At Sistov, Zlatarski and Toula collected fossils of the 
Aptian stage. At Nikopoli, Senonian occurs on the river with Belerfinitdlo. 
vincroiiata and Odrea vedcularitf. 

The lower divisions of the Tertiary are not visible, and at Plevna the 
second Mediterranean stage rests on Senonian and Turonian *^. 

Following the DanuV)e towards the interior, we meet with beds ol! 
increasingly recent age. The enclosed low-lying land to the west, from 
al)Out Crajova onwards, is termed by Mrazee tlie Getan depression. 

The Balkans and Garpalhians. The Bulgai'ian platform, ti*a versed in 
its wcst(n*n part Vy only very gentle folds with an east and west strike, 
represents the foreland of the Balkans, bounded on the west by the great 
region of torsion which proceeds from the Balkans to the Carpathians. 

This vast stnicture, marvellously clear as regards its principal features 
(fig. 48, I, p. 482), has recently l)Ocn made the subject of three comprehensive 
memoirs which mutually supplement each other. The first is by Cvijid, and 
njfers chiefly to the Balkans and the region south of the Danube. The 
second is the work of Schafarzik ; it descxdbes in detail the middle part 
of the region of torsion. Finally there is the somewhat earlier treatise 
i»y Inkey which links on with the excellent work of the Roumanian 
geologists 

‘ E. Favre, op. cit,, p. M. 

^ Toula in several places, in particular Geologische Uiitersuchun^en ini Ost- Balkan, 
Denkschr. K. Akad. Wiss. Wien, 1890, LVII, p. 869, and op. cit., 1896, LXIH, p. 280. 

® (i. N. Zlatar.ski, Beitriige zur Geologic des Nord-Balkaii-Vorlandes zwischen den 
Fiussen Iskcr und .lantra, Sitzb. k. Akad. VVias. Wien, 1886, XClIl, I. Abth., pp. 249-841, 
in particular pp. 292 and 807 ; F. Toula, Denkschr. k. Aka-d. Wiss. Wien, 1889, LV, 
pp. 1-108, map, in particular pp. 2 and 91, and Jahrb. k. k. geol. Reichsanst., 1904, IjIV", 
pp. 1-46 ; Zlatarski, Die Oberkreide-Serie iiii Centnil- und West-Balkan, Jabrb. Univ. 
Sophia, 1904, 1905, 21 pp., and Das Senou in Ost-Bulgaricn, im Norden des Balkan, und 
seine Theilung im Emscher und Aturien,op.cit. (1905, 1906), 1907, 21 pp. In East Bulgaria, 
Central Eurojiean Senonian {BeU'mniiHla mna'onata) almost exclusively- north of the 
Balkans; and, in the Balkans, Mediterranean Senonian (O/^uVoiWtNs, with a 

gradiial transition to the former. (In the Bulgarian language.) 

* J. Cvijic, Die tektonischen Vorgtlnge in der Rhodope- Masse, Sitzb. k. Akad.Wiss.Wien, 
1901, CX, pp. 409-432, map ; Die Tektonik dcr Balkanhalbinsel, 0. R. Congr. geol., 1903, 
Wien, 1904, pp. 847-370, map ; F. Schafarzik, Kurze Skizze dcr geolog ischen Verhaltnisse 
und Geschichte des Gebirgesam Eisenieii Tore, Foldt. Kdzl., 1908, XXX I U, 44 pp., mai>s; 
B. von Ihkcy, Die Transsy Ivan ischen Alpeii vom Rothcnthiinn passe bis zum Eisernen 
Thor, Math. u. naturw. Ber. aus Ungarn, 1891, TX, pp. 20-54. For all subsequent publi- 
cations we may refer to F. Toula, Der gegenwartige Sbind der geologisclien Erforsohung 
dcr Balkanhalbinsel und des Orientes, C. H. IX. Congr. Intern., Wien, 1904, pp. 175 330. 
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The older range in the middle of the Balkan peninsula approaches from 
the south through Servia ; at Nish it meets the west border of the region 
of torsion which is over folded towards the west; then the boundary is 
formed approximately by tlie MoraA^a ; finally it crosses the Danube and 
disappears beneath the Hungarian plain. 

In the south this ancient range is distinguished ^froin all the more 
recent deposits by an unconformable mantle which begins with the 
Priabona stage. The Strandcha range, near tlie Black Sea^, is also partly 
covered, according to Schaffer s accoiuits, hy patches of this mantle. It is 
separated from the Balkans by the wedge-shaped eruptive mass of Burgas. 

In the eAister n Balkmis tlie folding, as aln^ady shown by Toula’s surveys, 
is recent and open. No beds older than the Jurassic occur in the anticlines, 
and even these hut seldom.^ Broad undisturbed plains intervene between 
the folds (aptygmatic valleys, CvijidJ; and as late as the Levantine period 
the folding was still in progress. These are imlicatiavs of an o.djaceiit free 
extremity. At the .same time the northern border is sharply defined 
against the Bulgarian platform and in places it i.s overfolded towards tlie 
north. 

Further to the west the folding becomes closer, and Mesozoic anticlines 
are more numerous. Elongated cores, evidently of pro-Permian age, 
are included within the Mesozoic, folds. This may be seen from Toula’s 
section on the Korn and his observatioup in tlie gorge of the Iskei*. The 
data furnished by Zlatarski ^ and Bontscheff ^ are also of importance. 

BontschefF’s ol)servations show that in the Balkans, north-east of Sophia, 
slate.s, including upper Silurian graptolite beds, and steeply overfolded to 
the north, are covered unconformably by Culm with characteristic plant 
ren.ains, and the Culm is succeeded, also unconformalviy, by Verrucano an<i 
the Mesozoic series. Both tlio unconformities, which are cliaracteristic of 
the Altaides, thus occur in precisely the same manner as they do in Asia, 
in the .south Thian-shan, For example (p. 2) ; and we might therefore ask 
w hether the oMer Altaidijs have already attained their separation from the 
Alpine chains at this place, or whether l)oth are still united in tlie Astatic 
direction. The European folding to the north-east is opposed to the latter 
supposition. 

Ihe north-westerly strike now l>ccomes increasingly manife.st ; at Belo- 
gradchik Sarrnatian beds, vertically upturned, occur on the concave border. 

I. Schafter, Die geologi.vhon Ergebnisse eincr Reise in Thrakien iiu Ilerbste 1902, 
Sitzb. k. Akad. Wiss. Wien, r.Mj4, CXBf, i>p. 104 118, map. 

* Zlatarski, Contributions to tlie geology of the gorge of the Tsker, from Sophia to 
Roman and the surrounding Trud. J3ulg. Naturf. Ges., 1904. II, 93 pp., map. (In 

the Bulgarian language.) 

St. Jtontsclieff, Geology of the West Halkan.-. : J. The Silurian Foimation in the defile 
of the Isker and its npighliourhood, Trod, Bulg. Naturf. Ges., 190G, HI, wp. 34-65, map. 
(In the Tlulgarlr.ii language.) 
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This is occasionally overthrast towards the east, as the west border is 
towards the west. 

At the same time an independent range of 'Mesozoic folds runs to 
the north-north-west from the region between Kiistendjil and the Vitosh. 
This is separated at first from the main range of the Balkan folds by the 
youngeuicruptive mass of the Visker, as well as by the Vitosh, but afte^ards 
joins it at an acute* angle between Pirot and Nish. After this encounter 
the main range continues on its course with many subordinate deflexions 
and reaches the Danube with a north and south strike. 

Meanwhile, north-east of the volcanic mass of Zajear, on the Timok, a 
series of fresh coulisses make their advance ; these represent the beginning 
of the Carpathians of Ilouinania. 

We now take Schafarzik as our guide, though there is but little here of 
importance. 

The western coulisses, which according to our nomenclature might still, 
perhaps, be included in the Balkans, are wedged in, north of the Danube, 
between the ancient masses in the west (Lokva, Bogs&n) and the eastern 
ranges which accompany them from Timok, but they do not reach the river 
Tomes. Of the eastern ranges, the first is the most important ; it is the 
range of the Alrads (I, p. 484) and the Krassd-Szorenye mountains ; it con- 
sists of crystalline schist, and forms a broad arc which extends from Timok 
to the north side of the RetyezAt range, and perhaps even into the north 
part of the transverse valley of the river Alt'. This arc embraces, first 
several ancient fragments, such as the Retyez&t range, then the gabbro 
boss of the J6cz on the Danube, and furtlier away all the remaining arcs 
from the Timok and Mehadia out into the plain. 

Inkey, in 1891, pointed out that some of the western coulisses occur in 
the valley of the Alt, but he also perceived that within the mountains (in 
the upper Latoritza valley, right tributary o£ the Lotru) a bend occurs in 
the strike, accompanied by an overthrust of older beds on to younger ***. 
Subsequently Mrazec showed that no small part of the rocks assigned to 
the crystiilline schists are of Carboniferous or Permo-Carboniferous age ; 
he observed piriched-in beds, and conjectured the presence of overthrust 
flakes \ Next Murgoci described the great mountains of Roumania in the 
region of the Paring*. In 1903 Mrazec brought before the Geological 

* P. Schafarzik, Die geologifichen Verhaltnisse der Uingebiing von Berlova und 
Pojsina-Mdrul, Jahresb. k, ung. geol. B.-Anst., 1898, pp. 120-156, map; and Ueber die 
geologifichen Verhaltnisse der stidwefitlichpn Umgebung von Klopotiva nnd Malomviz, 
op. cit., 1901, pp. 120-155, map, et passim. 

* B. V. Inkey, Die Transaylvanischen Alpen vom Rothenthurmpasse bis zum Eisernen 
Thor, Math. u. naturw. Ber. aus Ungam, p. 33, 

^ L. Mrazec, Ul>er die Anthracitbildungen des Siid-Abhanges der Sud-Karpathen, Anzeig. 
k. Akad. WisB. Wien, Dec. 19, 1895, pp. 278-281. 

*0. Munteanu-Murgoci, Dare de seamS de Cere, geol., 1898; V. Grupul sup. al 

80X.LAS IV (3 
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Congress at Vienna the general conclusions to which he had been led ^ ; and 
finally Murgoci arrived at a synthesis which embraces the western half of 
the Carpathians of Rouinania 

The area under consideration includes the mountains which extend from 
the Danube to within about 30 kilometers of the transverse valley of the 
Alt (fig. 48, I, p. 482), and from the valley of the Cema and the Zsil to 
the southern foot of the range. It will facilitate our attempt to explain 
Murgoci s synthesis if we make use of symbols. 

In the region just defined an ancient pre-Pennian schist, II, occurs, and 
in autochthonous supei'position a sedimentary series, B (chiefly Jurassic 
and lower Cretaceous limestone). There is also another series of ancient 
schists, I, and in autochthonous superposition a second sedimentary series 
A (Verrucano, traces of Lias and Oolites ; with the Barrtunian stage as 
the last member). 

Series A is penetrated by frequent intrusions of serpentine and other 
basic rocks ; wc will indicate this fact by- the sign cr. 

Altogether, therefore, there are two tectonic units or sheets, namely 
I 4* Ao- and II 4- B. 

An extensive area north-west, north, and north-east of this region is 
covered by II. On the north side, starting from the upper Cerna, and then 
proceeding north of the Paring range and up to the east side, i. o. to within 
about 30 kilometers of the Alt, II rests upon Aar, This is also the case on 
the east side uj) to the margin of the plain. In this way an elongated oval 
space is enclosed. Below Aa, in the interior of this space, its autochthonous 
foundation I is exposed. In niany places patches of II, owing to the sub- 
sc'iuent folding of A a-, have been preserved ni synclines. Thus II (and B 
also) must once have extended over the whole region ; the succession from 
above downwards is therefore if 4- II, A 0 - 4 - 1, and the whole area nmd be 
rejjarded as a whido'w, 110 to 130 kiloraeters in length aoid more than 30 
kilometers lu breadth. 

In other words, north of tlie Danul>e, wliere tlie groat squeezing-in due to 
torsion ctiases, the coulisse 11 4 * if, becoming free, has completely blanketed 
over the coulisse 1 + A, which lies in front of it towards the south, and tln^ 
latter has been exposed hy erosion in a window. How far tliis overblanket' 
irig extends to the north-west is at present uncertain. 


Cristianul, in Masiv. Farnigii, Onl, .soc. ing. de mines, Bukjxrest, III, 28 pp., and, in 
paiticular, Serpentines d’tJrde, Muntin, ct (laiiri (Massif dii Paringu), Ann. Mu^s. 
Geol. Bucuresci, 1898, 69 pp., map. 

* L. Mrazec, les schistes oi^stallLnes des Caipathes meridionaux (Versant rouniain). 
Congr. inteni., C. R. Sess., Vienne, 1903, pp. 631-^048, map. 

(4. M, Mnigoci, La grande nappe de charriage des Carpathes meridionaux, C. R. 3 ot 
31 Juillet et 4 S»*pt. I90o. MraztM:'’.s map mentioned in the preceding note gives all tin? 
necessary i n furirnitior) , 



THE WINDOW OP THE FAKING 


19 


CH. l] 

In this case we may regard o- as nii accessory. The fact that it was 
injected beneath the thrust-plane is instructive in its bearing on the Alps 
The injection has produced contact metar^orphosis. A later intrusion of 
granite, which forms the ridge of Suscliita, ajad is associated with I, reaches 
a lengt.h of about 100 kilometers, with a breadth of only 8 -10 kilometers. 

The*thrust-plane lies between the Barremia^ stage and the Cenomanian;; 
the intrusion extends into the Barremian beds. The Cenomanian is preceded 
by so thoroughgoing an unconfonnity that we may speak, in accordance 
with Uhlig's observations in other parts of the Carpathians, of an older 
pre-Cenomanian structure and a younger structure ; the trend-lines, however, 
have on the whole remained the same. 

We may term this region the tvindcnv of the Paring. 

After the torsion, the bend to the great Carpathian arc follows on the 
i^ast. Th(j long gneiss range of the Cozia, which proceeds from the south 
side of the mountains and strikes obliquely to the east-north-east, marks 
the transition (I, p. G15). Reinhardt has recently investigated it To the 
oast ancient schistose mountains follow once again. 

An inbreak, already recognized by Toula, marks oft* Monte Leota, south 
of the Torzburg pass, as an eastern fragment. The inbreak itself, described 
l)y Popovici-Hatzog and Siinionescu, is a fault-trough containing down- 
thrown Jurassic and Cretaceous beds^ Monte Leota is the south-east 
corner-stone of the Carpatliians. 

The border of ike south-ead Oarpathiani<, We will begin our description 
in the north. The town of Czernowitz stands on Sarmatian beds which 
are underlain by the second Mediterranean stage. These sediments are 
horizontally stratified and form a hilly country, which is separated on the 
south from the folded Flysch of the Carpathians l>y a somewhat narrow 
l)elt of the salt-bearing Schlier 

111 northern MoWavia the border of the Carpathians is defined more 
sliarply. According to Athanasiu, a Sarmatian platform extends from the 
east and north-east across the river Sereth to the Moldova. Then towards 

‘ All enimieration of the earlier obsenations raaile by Szabo, Hussak, Roth. v. Telegd, 
Tietze, and Schafar/.ik on the occurrence of similar rocks is given b 3 ^Mruzec and Murgoci 
in their de.scription of the Wehrlit from M. Ursu ; Bull, Soc. Sci. Bucarost, 1897, no. 3, 

“ M. Reinhardt, Der (bsia-Bneis.szug in den Rumiinischen Karpathen, Bull. Soc. Sci. 
Bucarest, 1900, X VI, 103 pp., map. 

M. V. Popovici-Matzeg, Note pnUiminaire sur les calcaircs tithoniens et neocomiens 
des districts de Mu.scel, Diinbovitza et Prahova, Bull. Soc.geol.de Fr., 1897, 3''ser., XX\7, 
pp. 549-553; Sur Page des Conglomerats dt> Bucegi, tom. cit., pp. 669-075; and Etude 
geologirjue des environs de Campulung et de Sinaia, 8vo, Paris, 1898, 220 pp., map; 
•1. Simionescu, Ueber die (Jeologie des Quellgcbietes des Dimlu)viciora, Jahrb. k. k. geol. 
Ihdchsanst., 1898, XLA^IIT, pp. 9 51 ; Ammonites jurassi(|uea de Bucegi, Ann. Sci. llniv, 
bassy, 1905, 29 pp., et passim. 

^ K. M. Paul, Orundzuge der (leologie der Bukowinu, Jahrb. k.k. geol. Reichsansi., 
1876, XXVI, pp. 263-330, map. 
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the south-west follows the ‘ pre-Carpathian hilly land ’ of the salt-bearing 
Schlier, increasing rapidly in breadth, so that close to the Neamtzu brook 
(lat. 47° 13' N.) it is already 20 kilometers across. The Flysch is overfolded 
to the east over its edge \ 

Here we enter the region which has been investigated by Mrazec and 
Teisseyre; it embraces the whole of the south-eastern part of the Carpathians*. 

The Sarmatian platform of the foreland is here separated by a fault 
from the salt-bearing beds. This fracture becomes so important that even 
south of Bakdu (south of the confluence of the Bystritza with the Sereth) 
the Flysch crops out along it at two places far outside the lx)rder of the 
Carpathians \ The salt-bearing beds lie, bmadly speaking, in a syncline 
with many subsidiary folds, for the most part overturned. 

’ Still further south (south of the river Trotus) the pressure from the 
side of the Carpathians becomes yet stronger; even the Sarmatian beds 
on the margin of the platform are steeply upturned. The salt-bearing 
beds lie closely folded between the Sarmatian border in the east and the 
flakes of Flysch in the west. 

Still further south again, near the l^end of the Carpathians, in the 
region of Rimnik-Sarat, the scene once more changes. Here we look 
towards the end of the Matchin range (Dobrudja), about 100 kilometers 
distant. The range of Sarmatian hills which has marked the west border 
of the platform disappears ; a fresh Sarmatian range rises to the north-east 
of it. For a long distance this follows, in correspondence with the bend, 
a direction to the south-west. At the same time synclines of Sarmatian 
rest directly upon the salt-bearing beds; here then the folding is post- 
Sarmatian. 

A.t the bend of the range the following facts may be observed : — 

On the upper course of the Buseu a strip of Flysch becomes gradually 
detached from the outer margin of the iiiain mass, and proceeds as the 
spur of Valeni in a gentle arc, following the bend of the strike until it 
finally breaks up into little islands of Flysch, which extend across the 
river Prahova. In this way a long independent tongue of salt-bearing 

* S. Athanasin, Morphologische Skizze clcr Nord-Moldauischen Karpathen, Bull. Soc. 
Sci. Bucarest, 1899, 48 pp., map ; also Geologische Studien, Jahrb. k. k. geol. Reichsanst., 
1899, XLIX, pp. 429-492. 

* L. Mrazec et W. Teisseyre, Aper^u geologique sur les formations salifercs et les gise- 
ments de sel en Roumanie, Bibi. du Moniteur des inter. Petrolif. Rouin., 4to, Bucarest, 
1902, 55 pp., map ; Mrazec, l)as Salzvorkommen in Rumiiinen, Oesterr. Zeitschr. f, Berg- 
Hiittenw., 1903, LI, 19 pp., map ; Arbeiten der rnit dem Studium der Petrol-ilegionen 
betrauten Commission (Published by the Royal Roumanian Ministry of Public Works), 
4to, Bukarest, 1904, 104 pp., map (the authors are C. Alimanestianu, L. Mrazec, and V. J. 
Bratianu ; here the younger anticlines stand out clearly). 

, * Mrazec and Teisseyre, Ueber oligocanc Klippen am Randeder Karpathen bei Bacau, 
Jahrb. k. k. geol. Reichsanst., 1901, LI, pp. 235-246. 
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dopoaits is delimited, fbnning the gulf of Slanitza. Its northern boundary 
is a fault; wherever salt is met. with further to the west it belongs to 
a prolongation of the gulf of Slanitza, as though a new fault-trough had 
originated. 

The continuation of the spur to the south-west and west-south-west 
is rich in petroleum, consequently many borings have been put down, and 
it is probable that the spur is better known, thanks to the study of these 
liy Mrazec and Teisseyre, than any other free termination. 

The axes of all the folds which occur in the spur descend beneath the 
surface, first towards the south-west and then towards the we.st-south-west. 
During the formation of the Miocene salt deposits, a part of the spur rose 
above the sea as a peninsvila. The island of Cosmina is an anticline of 



Frti. 2. 77i<! spur of Valeni aftor a sketcli kindly communicated by iVofcssor Mrazec 
(Eoc. u. 01 ig., Eocene and Oligocene; Bucht von Slanic, gulf of Slanitza). 

Oli^ocenc ovcrfolded to the soutli, and overlain by Alioccno salt deposits 
and gently folded Maeotic beds. In the valley of the Doftana post-Pontic 
overfolding occurs. At Moreni even the most recent Levantinij bctls form 
part of an anticline. Mrazec and Teisseyre assert that the folding 
^^xtends into Quaternary times. The Loess lies undisturbed. As the 
folds begin to die out, i.e. towards the west-south-west, bedKS of increasingly 
recent age are included in them ; the investigators term these ‘ plis 
mourants’; perhaps 'plis naissante' would be more appropriate^. They 
l>ear witness to the persistence and constancy of the movement. 

' The continuation of the spur as an anticline slightly overturned to the south has 
been establiBhed by borings, Mrazec and Teisseyre, Communic. prel. asupra Structui 
^»eol. a Reg, Campina-Bustenari, Acad, Bucur., 1906, XXVIII, no. 19, 20 pp., map ; and 
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As we j)'^oceed from Bvhmna towards tlm iwint the folMng hecorfies 
more and more recent, 

A boring sunk near the bend of the Danube in the district of l&aragan 
( west-north-west of Tchernavoda, south of the. lower Jalomitza) reaped 
the base of the Pontic series at a depth of 178 meters, and of the Sarmatiaai 
at t3 1 8 meters ; then, after four meters of variegated clay, it entered what 
appears to have been upper Chalk with flints and continued in this down to 
783 meters. No mention is made of Eocene beds or of the Mediterranean 
stages. 

A boring in Bucharest revealed a gi’eat thickness of stratified sand and 
clay containing Paludina and Unio ; the first certain indication of the 
Sarmatian was encountered at a depth of 800 meters, and the Ixiring 
terminated at a depth of 1,008 meters in beds of this stage 

These observations have led to renewed consideration of a view 
previously expressed by Cobalescu to the ettect that the curvilinear cliff' 
on the right bank of the Danube marks a fracture. Draghict^nii was of 
opinion that this hypothetical line of fracture, supposecl to extend from 
Galatz through Tchernavoda to Sistov, possibly even to Kalafat, ‘ belongs 
to the same system as the fracture of Slaiiitza*“. Murgoci, however, 
observes that near Rustchuk the Cretaceous limestone occurs on the left 
bank also; he denies the existence of the fracture, and ascribes the cliff 
to the action of the river. 

In any case there is a considerable depression between the Danube and 
the Carpathians, and below Hirschova the whole range of Matchin certainly 
descends in the direction of this depression. 

Recent investigations in the mountains of Matchin have l)een directed 
to stratigraphical problems ^ A new map has been published by Pascu^ 
With regard to their structure we can only say that they are a fragment 
with a strike passing from west trj west-north-west near the Bhvck Sea, and 
becoming more and more north-west towards the interior. In the south- 
west, greenstone (according to Peters, diabase-pelite) is widely distributed ; 

Mrazec, Contribution a la geologic de Gura Ocnitzei*Moreni,Moiiit, Petrol. Roum., 20 8ept., 
1905, pp. 785-789 ; also Arbeiten der init deiu Btudium der Petrol-Regioneii betrauten 
Commission, p. 90, and in the Guide Congr. Petrol., 1907. Mrazec observes that in the 
case of overthrust anticlines the salt beds frequently break through the saddles of the 
upper beds and are visible on the surface like ‘ Klippen * (* transpierced anticlines *). 

^ Communication by Professor Mrazec in the Acad. Bucur., Feb. 16, 1907; Muriroci, 
Guido Congr. Petrol., 1907, Y, p. 227. 

* M. M. Draghic<^nu, Studii as Idrologiei aubterrane din Punctul de vedere al Alimen- 
tarei Oraselor, etc., 4to, Bukarest, 1895, 181 pp, ; map, in particular pp. 52 and 54. 

Geologische Stiidicn in Runianien, 11, Verb. k.k. geol. Reichsanst,, 
1896, pp. 495-502 ; V. Anastasiu, be Trias de la Dobrogea, Bull. Soc. G4ol. de Pr., 1897, 
890-894. A general survey is given by F. Toula, Eine geologische Reisc* 
m der Dobnidscha, Vortr. Vereins naturw. Kenntn. Wien, 1893, XXXIll, 62 pp. 

* R. Pascu, Stud, geol si min. in Jud. Tulcea, Servic Minclor, 8vo, Bucar., 1904, 60 pp. 
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in the north-east an older series (phyllites and Vernicano at Tultcha) is 
also present, and, in the north-west, gneiss, which is regarded as forming 
the base. Between these rocks Mesozoic sediments, in bands of various 
length, as well as sheets of porphyry and melaphyre, extend right out into 
the delta. The Trias is differentiated into numerous zones. The upper 
Cretaceo^ns occurs in transgression. 

There can be no doubt that these mountains are a fragment of a greater 
complex. Their lie and their pre-Cretaceojis age point to a connexion with 
the Crimea. Following the suggestion of Mrazec, we will call this complex, 
which embraces the Crimean mountains, Serpent island, and the mountains 
of Matchin the Cimmerian mountains. 

They are united with the Bulgarian platform and the Crimean steppe. 

In accordance with the views of previous writers we have regarded 
(I, p. 475) the steep submarine slope between cape Emineh and cape Staritch, 
by which the bottom of the Black Sea descends from — 70 or 80 meters 
to — 1,000 or 1,800 meters, as suggesting an original connexion between the 
Crimea and the Balkans. It does not correspond, however, with the strike ; 
Draghicenn regards it as the Ijorder of a subsidence, and this view must 
be regarded as correct. 

In this way an area is defined in which all the folding is older than 
the Heocomlan. It is a fragment of Mesozoic foreland inserted between 
the horst of Azov and the younger folds of the Balkans and Carpathians. 
No other example of such an inserted fragment lias yet l>een described. 
I’he mouths of the Danube lie within it. 

There is only one structure which can be regarded as the passible 
continuation of the Cimmerian mountains: this is the Mesozoic rangCvS 
within the Carpathians, those, for instance, on the eastern side of the 
Moldavian gneiss mass and the Pers&ny mountains in Transylvania. 

Uhlig has shown that the Mesozoic zone of south Bukovina and the 
Moldavian mass does not possess the unilateral structure inclined to the 
north-east hitherto attributed to it, but that an opposed limb dipping to 
the south-west exists on the north-east. Consequently the zone becomes 
a basin ; it loses its tectonic independence, and proves to be part of a lax’ger 
structure. The Trias and Jurassic systems are represented here as in the 
Cimmerian mountains. As in the Crimea, unconformities occur within the 
series, and the same transgression of the upper Cretaceous is met with. 
The (^^aprotina limestone rests sometimes immediately upon crystalline 
schists, sometimes upon Trias ^ 

The unconformity between the Trias and the Neocomian (Caprotina 

' V. Uhlig, Vorlilufigcr Bericht iiber eine geologischo Reise in das Gebiet der goldenen 
Bistritz, Sitzb. k. Akad. Wias. Wien, 1889, XCVill, pp. 728-743 ; and Ueber die Bezie- 
hungen der sUdlichen Klippenzone zu den Ost*Karpathen, op. cit., 1897, CVI, pp. 188- 
206, maps. 
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limestone), to be seen in the plateau of the Rareu in the Carpathians of 
Bukovina, tells the same tale as the upper Carboniferous transgreasion 
on the Variscan cores of the Alps; both mark the reappearance of the 
characters of the foreland. 

We now come to the occurrence of Cimmerian rocks in the belt of the 
east Carpathians. They have been discussed by many investigators ; last 
of all by Zuber^ 

Uhlig distinguished two zones of conglomerates and boulders in the 
Flysch — an inner of Carpathian origin, and an outer, the boulders of 
which are derived, according to a unanimous verdict, chiefly from extra- 
Carpathian sources. 

White limestone, for the most part no doubt Jurassic, occurs along the 
whole course of the Carpathian border. This is associate<l in the west 
with Sudetic rocks, in the east with a curious green rock, which sometimes 
resembles a lustrous phyllite, and at others is of a harder and more resistant 
nature. Zuber regards it as a d 3 mamically altered form of the diabase 
tuff which forms a broad zone in the soutli-west of the Matcliin mountains ; 
he has, indeed, published a series of sections, showing how these mountains 
descend beneath the border of the Carpathians 

Near Krfisna, in Bukovina, Alth and Paul found on the outer marfdn 
of the Carpathians a completely isolated patch of wliite liinostone four 
kilometers in length, and scarcely 200 meters in breadtli ; it is sometimes 
breccia-like, and rests on schist. The schist may possibly be part of an 
adjacent green agglomerate which is composed of angular fragments of 
a schist precisely sinular to it in character ^ 

Uhlig describes the rock in north Moldavia as a dark green chloritic 
schist. ‘ We discover with surprise lie says, ‘ tliat whole mountain zones 
are wholly composed of blocks of this rock, to the exclusion of all others. 
This is the case, for example, in the zone - about 10 kilometers in length, 
and admirably exposed — which lies between the town and the monastery 
of Niamtz . . * 

Various theories have been advanced in explanation of this proldom. 
Generally a ‘ coastal bar ’ has been postulated, but it lias at length become 

^ R. Zuber, Neue Kai-pathenstudieii, Jalitb. k.k. geol. Keichsanst., 1902, LII, pp, 245- 
258 ; here the earlier data are enumerated. 

* Netninar described the rock in 1877 as green schist with many Hakes of hornblende, 
becoming dense and massive as the hornblende increases ; Paul and Tietze regarded it 
even at that time as quite alien, perhaps in situ at Knisna in Bukovina, Jahrb. k. k.'geol. 
Reichsanst,, 1877, XXVII, p. 123 : Mrazec confirms the correspondence of the rocks of 
the Bobrudja. 

’ Paul, K. M., Grundzflge der Geologic der Bukowina, Jahrb. k. k. geol. Reichsanst., 
1876, XXVI, p, 318. 

* V. Dhlig, Vorlaufiger Bericht fiber einc geologische Reise in das Gebiet der goldenen 
Bistrite, Sitzb k. Akad. Wiss. Wien, 1889, XCVIII, p. 741. 



SUMMARY 


25 


CH. l] 


abundantly clear that we have here the veritable remains of a range which 
belongs neither to the Carpathians nor to the Podolian horst. Zuber has 
expounded this view, and he terms the mountains of the Dobrudja ‘ a third 
fragment lying in front of the Carpathians/ 

Indeed, the thrusting forth of intra-telluric erratics from the buried 
Cimmeijian mounfaiins would alone furnish an adequate explanation. 

Summary, Of all the branches which make their appearance north of the 
horst of Azov none are continuous except the line of the Alai. This retains 
the rectilinear course of the Asiatic chains, and also the Asiatic movement 
to the south, so far as this can be inferred from the steeper dip of the 
aoutheni limb in the anticlines of the coal-measures on the Donetz. 

To the south of the horst of Azov, also, there is only one line, that of the 
Hindu-kusli, which can be followed further with any degree of clearness. 
The Caucasus approaches with rectilinear Asiatic strike, and Asiatic folding 
to the south, and plunges beneath the Black Sea. Younger Tertiary folds, 
thrust against it from tlie north, divide into two groups in front of a 
fragment of the Cimmerian mountains. 

The Cimmerian range lies up against the horst of Azov, and narrows 
the passage through which the younger folds advance. 

Tlio Balkans begin in the east with feeble recent folding as though 
approaching a free end ; further west, especially on the Iskcr, they exhibit 
in enclosed ancient cores the typical unconformities of the Altaides ; they 
surround the horst of the Danube in the region of torsion, and so pas.H 
into the Carpathians of Roumania. 

After the squeezingdn produced by the torsion, the coulisses are over- 
thrust towards the south, and the window of the Paring is formed. The 
arc of the Carpathians overwhelms iu succession the Cimmerian mountains, 
the I'odolian horst, the faulted-down continuations of the Variscan fore- 
chains (Sandomir mountains), and the Sud4>teH, and then at last turns to 
the Alps. 

The story of the entrance of the Altaides into Europe is full of variety. 
The pre-Permian structure is certainly represented in the western Balkans. 
The repeated unconformities in the Mesozoic Cimmei'ian range may l)e 
regarded as later phases of this story. At the present day we have the 
strange spectacle of the pre-Permian and Mesozoic ehains (Cimmerian 
ranye) broken up and buried out of sight, ichile from both sides the free 
ends of the younger chains dream towards the J^ontic region ; this is the 
case in the ("arpathians, where, oh we approach the spur of Valeni from the 
Bukovina, the folding becomes increasingly recent ; it is also the case in 
the east Balkans, and again on the Asiatic side, in the younger bifurcate 
folds of the north-west Caucasus. 

It seems almost avS though the ancient coniuixion had been interrupted 
ami were to be restored on new lines. 
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VaHscan fractures. The Variscan arc — the first part of the European 
Altaides — was not a homogeneous structure even before it broke up into 
horsts. It included Caledonian intercalations, and it was profoundly 
affected by a larger pre-Cambrian body situated on its southern margin — 
the Bohemian basement. We have previously described this as an alien 
and unexplained fragment (II, p. 122). Since then Franz E. S^ess has 
determined its boundaries on the Variscan side, and has named the most 
ancient western part the Molclanubian niasst and the eastern part, rich in 
graphite, and also of pre-Cambrian age, the Moravian zone 

The Moldanubian mass includes eastern Bavaria and western and 
southern Bohemia, western Moravia, the north of Upper Austria, and the 
north-west of Lower Austria. It crosses the Danube as a broad highland 
of gneiss and descends to a great depth in front of the Alps. Near Weis, 
in upper Austria, 17 kilometers south of the line where its southern edge 
becomes visible, and 26 kilometei'S from the foot of the Alps, middle Tertiary 
sediments were bored through for 1,037 meters ; immediately beneath tliem, 
722 meters below the sea level, the cordierite gneiss of Bohemia wa.s met 
with, but there were no signs of the stratified series of the Alps 

A sudden change of strike, which occurs south of the Marienbad Spa 
and may be traced across the mountains towards Bavaria, marks tlie 
western boundary between this highland and the Variscan Fichtelgebirge ; 
it has already been observed by Hochstetter. In the east, towards the 
Sudetes, Bukowsky has observed an equally sharp boundary in the upper 
March valley ; but towards the middle of Bohemia the Cretiiceous manth’: 
renders the situation less clear 

Caledonian intercalations are known at several places. Licbe has described 
them in Thuringia^. The masses of Rocroi, Serpent, and the Hohe Venn 
(Massif de Stavelot) in Belgium afford an illustration on the largest scale 
known to us. Gosselet Inis shown that the horizon of the Llandovery shares 
their divergent strike, while the Devonian is unconformably superposed 

^ Franz E. Suess, Bau und Bild Oeaterreichs, pp. 39, 275, 314. 

* R. J. Schubert, Ergebniane der mikroskopischen Untersuchung d<ir bei der krar. Tief- 
bohrung zu Weis durchteuften Schichten, Jahrb. k.k. geol. Reichsanst., 1903, LIII, 
pp. 385-422. 

® Bukowsky, Verb. k. k. geol. Reichsanst., 1890, p. 198 et passim. The lower Palaeozoic 
f^enes of western Bohemia disappears not far from Prague beneath the sheet of Cretaceous. 
Jahn established the fi^t that it describes a subterranean arc, reappears on the west 
border of the Eisengebirge, and that near Pardubitz it has been carried up in fragments 
by the basalt; J. J. Jahn, Jahrb. k.k. geol. Reichsanst., 1898, XLVIII, pp, 207-230; 
earlier observations by Krejci suggest the same thing. 

^ K. T. Liebe, Uebersicht iiber den Schichtenaufbau Ost-Thtiringens, Abb. geol. Special- 
karte von Preussen, 1884, V, pp. 401-530, map, in particular pp. 434 and 441 ; also 
Zimmermann, Jahrb. k. preuss. geol. Landesanst., 1895, XV, p. Iviii. Liebe’s so-called 
Frankenwald system seems to be explained by the direction of the Franconian fractures. 

* J. Gosselet, Remarques sur la discordance du DtWonien sur le Cambrien dans le 
massif de Stavelot, Ann. Soc. geol. Nord, 1888, XV, pp. 158-161 ; also op. cit., 1886, XIII, 
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This heterogeneous Variscan system is traversed by fractures, by far 
the greater number of which have been produced within the system itself, 
but besides these there are two groups of long fractures, which are of 
extraneous and independent origin. One of these groups strikes to the 
north or north-north-east, the other to the north-west or west-north- west. 

Of the indigenous fractures we will cite only a few instances. 

True strike faults occur but seldom, and appear to be restricted to 
the west. 

The most important example of such faults is furnished by the Saar- 
Nahe troughs. Mining operations and several excellent investigations have 
rendered it familiar. Its history, according to Lepple, is as follows: — 
After the uplift of the folded Variscan range, a longitudinal trough was 
formed in which the upper Carboniferous and the Rothlicgeiide coal- 
measures accumulated along with sediments of local origin and intrusive 
rocks. Then, during the deposition of the upper Kothliegende, a longitudinal 
anticline, the Pfalzer saddle, was formed. Next, but still before the deposi- 
tion of the Bunter sandstone, the southern part of the saddle sank along 
a fault to a depth of about 2,000 meters. After the Bunter sandstone, and 
perhaps not before the early part of the Tertiary aera, further subsidences 
occurred to the extent of 50 or 100 meters. Thus faults with a north-east 
strike are known to have been formed l:)efore the upper Carboniferous and 
after the upper Kothliegende, as well as l)efore and after the Bunter 
sandstone ^ 

The trough strikes north-east to the Rhine and south-west towards 
France. Borings imade in the department of the Meurthe-and-Moselle 
reached the upper Carboniferous at a depth of between 700 and 800 meters, 
as Nickles, guided by the Variscan strike, had predicted -. 


p. 288, and in particular I/Ardenne, M^raoire pour servir a Texplication de la Carte 
geologique detaillce de la France. 4to, 1888, p. 705 et seq. ; details also in A. Dumont, 
Momoire sur les terrains A rdennais et Rhenan, I'® partie, Mem. Acad. Roy. Belg., 1846. XX, 
pp. 45-02 ; for the Condroz, G. Simoens, De Tindependance en Belgique des cbaines cakV 
doniennes et hercynieiines, Bull. Soc. beige Geol. Brux., 1906, Proces-Verbaux, pp. 100-102. 
P. Foumarier supposes that a complete overthrusting of the northern margin of the 
Hohe Venn has takeji place later ; La structure du Massif de Theux, Ann. Soc. geol. Belg. 
Liege, 1906, XXXIIT, Mtun., pp. 109-138, maps ; also Tectonique de TArdenne, op. cit., 
1907, XXXIV, Mem., pp. 15-123, maps, in particular p. 113. G. Simoens describes indi- 
cations of the Caledonian disturbance west-north-west of Nivclles outside the Variscan 
border; Exemplc de failles bordieres du massif du Brabant, Bull. Soc. beige Geol. Brux., 
1907, XXI, Proc.-vorb. p, 71. It docs not seem to be quite certain that these accidents 
do not belong to the Saharides, which will be described later. 

^ A. Leppla, Geologische Skizze des Saarbrttcker Steinkohlengebirges, aus dor Fest- 
schrift 2 zum IX. Allg, deutsch. Bergmannstage, 8vo, Berlin, 1904, 57 pp. 

^ R. Nickles, De Texistence possible de la Houille on Meurthe-et-Moselle, 8vo, Nancy, 
1902, 24 pp. ; C. CavalUcr, Sur la decouverte de la Houille en Meurthe-et-Moselle, C. R., 
March 27, 1905 ; Nickles, Sur la decouverte de la Houille a Abaucourt (Meurthe-et- 
Moselle), op. cit. and July 3, 1905 ; also Bergeron, Laur, and others. 
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If we follow this direction further it does not lead us to tlie Central 
Plateau ; yet the long lines of coal-seams, often bordered by faults, some- 
times described as canals, sometimes as synclines, which occur in this 
plateau, strongly resemble those on tlie Saar, with which they may have 
characters in common. The studies by Michel Levy, de Launay, and others 
on the structure of these features, and by Fayol and Grand’Eury «)n their 
contents (II, p. 244), scarcely pm’mit us to doubt that the includ<id beds 
were deposited in narrowly restricted spaces. Here, also, there are some 
faults which are older tlian the upper Carboniferous, others \vhich are only 
older than the Trias, and yet others of still more recent date b The long 
line of coal-measures extending from Savigny to Pleaux marks a V^ariscan 
fold on the north and south borders of the C(mtral Plateau only, elsewhere 
it is a fracture or trough, and thus cannot be regarded as a true trend-line 
of the folding - (II, p. 115). 

Another example of an indigenous fracture is afforded by the south scarp 
of the Erz(jehinj€. Laubo lias shown that it does not follow the strike, but 
cuts through tlie series of petrographical zones obliquely It terminates 
in the east in front of the Elbe fracture, and may tlierefore be younger. 
At the same time a Cretaceous platform descends from the summits of the 
Erzgebirge towards the Elbe fracture. The lignite basin at the foot of the 
range is traversed by parallel fractures. Between the basalts of northern 
Boliemia and tlie scarp of the Erzgebirge there is only a remote connexion. 
These basalts liegin in Bavaria, are continued to the east across the Riesen- 
gebirge to Ostrau, and break out at isolated localities far to the south and 
also to the north of the Erzgebirge. They arc most wi»:lely distributed, 
however, in the su • •sided region. 

An example of another kind is furnished by thu fault of the Danube 
between Katisbon and Passau (I, pp. 193, 197). It lies for tluj whole of its 
cour.se, wdiicli is slightly concave, in upper Jurassic. It can be described as 
a fault only in ceitain parts of its course; in others the beds, like a heavy 
carpet, sink towards the plain in a tlexure, Al>ovo the line of tlie fault lie 
the well-known eruptive centre.s of the Kies, Hdligau. and others. The 
fault is younger than the upper (vretact'ous and older than the lower tresli- 
water Molassc. The extent of the subsidence is considerable. At Oclisen- 
hausen, south of Ulm, 30 kilometers from the fault, a lioring failed to reach 

’ Michel-Levy, Roclies eriiptives cambriennos dii Muconnais, Bull. Soc. geol. de 
Fr., 1S8B, ser., XI, p. 278 ; fractures of the upper Permian porif>d. 

L. de Launay, Le Massif de Saint-Saulgc, Hull. serv. Carte geol. France, 1896, VII, 
pp. 183 205, map ; in particular p. 193. Bergeron has raised the question whether 
this long line is not a boundary line of the Armorican fractures ; Bergeron, De Pexten- 
sion possible des difterenta bassins hfmillera en Prance, Mem. Soc. Ing. Civ., 1896, 5® ser., 
XIll, ]). 13, j>l, 169. 

* G. Laube, Geologie des bdhniiscben Krjigebirges, 11, Arch, naturw. Landesd. BOhiiien, 
1887, VI, pp. 1-159 passim. 
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the base of the Molasse at a depth of 738 meters (141 meters beneath the 
sea)* The existence of some connexion between this fault and the formation 
of the Alps has often been conjectured. 

In like manner a number of arcuate faults in the eastern part of the 
Central Plateau have been described by M. L^vy as so many subsided anti- 
clines running parallel to the Alps. He cites them as evidence that at this 
place the liorst must have been less rigid. 

Here it is a question of the influence of the Alps on the horst, while the 
influence of the horsts on the Alps, whichT has been conjectured by other 
observers, only manifests itself in the deflexions of that chain \ 

The manner in which the horsts may be framed in is no less various. 

It often happens that a fracture remains invisible within the older 
rocks, and suddenly reveals itself for the first time when it emerges into 
the sedimentary mantle. Some characteristic rock, such as an intrusive 
sheet or a bed of chert, may serve to reveal many fractures which would 
not otherwise be recognized, and mining operations have frequently shown 
tlmt the formations are broken up in a mosaic of polygonal fragments. 
The further observation is pushed — and its limit is reached in thin slices 
under the microscope — the more the broader effects disappear, and local 
crushing, displacement, and adaptation become all-important. Analysis 
then becomes a comparatively unfruitful task. 

If subsidence attacks a land thus broken up, horsts originate, bounded 
by faults, showing extreme diversity in length and direction, all of them 
completely independent of the strike; sometimes they are affected by 
parallel planes of comprevssion, but they never sink in flexures, such as 
occur on the Danube. 

This independence of the marginal fractures finds an excellent illustra- 
tion in Deukmann\s instructive description of the Kellerwald horst which 
stands between Cassel and Marburg 2 . 

In an area about 18 kilometers square, LangdorfTs map of the western 
Harz marks some 44 lines of disturbance, which strike approximately east- 
south-east ; several of them, however, cut the others at an acute angle, but 
all run directly across the strike of the folds Here surfaces of com- 
pression are probably indicated. 

^ W. Branco, Schwabens hundert fiinf und zwanzig Vulcan-Embryonen, 8vo (aus 
Jahresh. Vcr. Naturk. Wiirtt., 1894 and 1895), p, 15 ; M. Levy, Environs du Mont-Blanc, 
Bull. serv. Carte geol. France, 1890, 1, pp. 24 et seq. ; Bull. Soc.geol. de Fr., 1890, 3*^ ser., 
XVIII, p. 691. 

^ A. Denckmann, Der geologische Ban dee Kellerwaldes, Jahrb. k. preuss. geol. Landes- 
anst., 1901, neufi Folge, Heft 34, 88 pp., maps. 

* W. Langsdorff, Gang- und Sebiebten-Studien aus dem West*Oberbarz, 8vo, Clauatbal, 
1885,47 inap ; Geologiscbe Karte dos West-Harzes, 1 : 25,000, Claustbal, fob ; Beitriige 
zur Kenntnis der Sebiebt Folge und Tektonik im nordwestlicben Oberbarz, 8vo, op. cit., 
1898, 29 pp., sections. Prinz gives a good idea of this region in a generalized sketch 
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On the margin of the horsts slightly longer lines sometimes occur, , the 
origin of which is unknown. These include, for example, the marginal 
fractures, trending more or less north and south, of the western Morvan 
and the small adjacent horst of St. Saulx, which have been studied by 
M. Le^vy. They advance through the younger sediments northwards to 
Auxerre and beyond, and Dollfuss was able to show that they are^younger 
than the Calcaire de Beauce and older than the sands of the Sologne, which 
lie beneath the second Mediterranean stage, approximately on the horizon 
of the Austrian Schlier ^ 

The variety of the marginal fractures cannot be exhaustively illustrated 
here ; as a rule, anything that is concealed from view is probably part of 
a network of mosaic-joints which has been made use of and rendered 
visible hy the sidmdeiice, hut has iwt been produced hy it. Here and there 
an alien line makes its appearance, and may be recognize<l by its length 
and apecitic direction. 

Faidta sirikiny north and uorth-norlk-east {Rhine faults or African 
faults). The Variscan strike to the north-east is maintained in the Vosges 
from Roncliamp and Belfort to the Saar. Faults with a trilling throw 
also occur in tlie broad Trias basin of the Haardt-Wald and strike ol)liquely 
from the south edgt? of this basin into the direction of Berg-Zabern. As 
they reach the Rhine valley they form the fault-trough of Langenbviicken. 
This group also includes the Odenwald faults (I, p. 195). 

The Rhine trough has been regarded (I, p. 201) as a sunken strip of 
land let down between two horsts — the Vosges and the Schwarzwald. That 
which still remains visible is certainly only a reinnant, since at Alpers- 
l>acli (east-south-east of Freiburg, 994 meters) Stcinmann has found frag- 
ments of Mesozoic sediments in l)asaltic tuff, from wliich it would appear 
that the Schwarzwald has been denuded to the extent of from 600 to 750 
meters; in lower Alsatia also, according to Schumacher, borings for 
petroleinn show that the included Tertiary beds must l)e at least 780 
meters thick b • 

On the west the general course of the faults is no longer straight, but 
slightly curved. Benecke has given in admirable account of the way in 

from the maps of f lic coal-jji ensures in the district between Preston, Halifax, and 

jMarichester. The norticwesterly direction is prevalent here ; transverse fnictures give 
rise to a mosaic, Bull, Soc, beige Geol. Brux., 1004, XVllT, pp. 144, 145. 

^ Dollfuss. Bull. Soc. de Fr,, 1904, 4® ser., I V, p. oO.S. 

■ G. Stcinmann, Dio Nageilluth von Alpersbach im Schwarzwald, Ber. Naturf. Ges. 
Freiburg i. Breisgau, 1894, fV, pp. ; Die Neuaufscliliessun^dea Alpersbacher Stollons, 
Ber. oberrbein. geol. Ver. Marburg, 1902, 35. Versammlung, Benecke, Bucking, Schu- 
macher und van Werveke ; Gcoiogischer Fuhrer durch Elsass, 12mo, Berlin, 1900, p. 142. 
A survey of all tin; Rhine fractures from Bale to Dannstadt is given in G. RegelmaniPs 
Gcologische UebersirditHkarte von Wurttemberg und Baden, foL, 0. Aull., 190G ; also Die 
wichtigsten Strukturlinien Slid wthit Dev. t;*!chlands, Zeitschr. deuisch. geo). Ges., 1905, 
pp. 299 318. 
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which the long dissevered parts of the mountains are sometimes faulted 
down to great depths, and thus create a landscape distinguivshed by an imme- 
diate contrast between mountain and valley-plain ; and how in other regions 
they are left suspended, as it were, in steps which now form transitional 
foothills. Finally, he shows how long faults may be recognized even far 
within ttie ancient mountains^. Near Dambach and Barr a gradual widen- 
ing of the trough occurs, and is maintained through Strassburg to Worth. 
Tlie normal direction of the boundary faults is not lost, but they have 
no effect on the relief of the country ; to the west of them a recess has been 
formed in the mountains — the fault region of Zabern. The marginal 
fractures, according to Benecke, hade steeply to the east, while in the 
shattered region of Zabern tlie faults present the movst diverse inclinations. 
At Worth the liorder resumes its former character ; it becomes as broad as at 
Worms, and is continued somewhat more to the east in the direction of Mainz. 

The stiff curves of the east border recall those of the west, and, in spite 
of the deviations from the rectilinear, the breadth of the trough, exclusive 
of the inbreak of Zabern, is fairly persistent, measuring about 32-34 kilo- 
meters throughout the whole southern region. From somewhere about 
Bruehsal onwards the trough bends out of the north-north-east somewhat 
more to the north, and with this direction it reaches Frankfort^. 

But the Rhine trough does not terminate on the Main. 

Its faults arc known to extend beneath the western part of the* Vogels- 
berg basalt 

Its continuations to the north have been made the subjc^ct of special 
stiuiy l)y A. v. Koeneii Following this ol)server, we recognize a part of 
tlie 9ul>sidence in the elongated Tertiary region of Ziegenhain, Fritzlar, 
and Gassel, which runs to the north-north-east on the other side of the 
Vogelsberg. 

At the same time another narrower trough makes its appearance nearly 
east of this region, with the same direction to the north or north-norih-east. 
It extends, ac<!ording to Mocsta and von Koenen, from Wichte on the Fulda 
(north-west of Rotenburg) across the Werra, and reaches the valley of the 
Leino at Witzeiihausen. This valley is itself a trough. Tlie downthrown 
sti'ip extends far beyond Gottingen to Kreiensen, north of Northeiin. At 

‘ Benecke, lyc. cit., p. 60. 

' K Kinkolin, Senkungen im Gehiele des Unter-Main-Thales iinterlialb Frankfurt, Rer. 
Konckenb. naturf. Ges., 18S5, pp. 235-258 et passim. 

C. Cheliua, Der Zechstein von Rabertshauseii, Zoitschr. f. prakt. GooL, 1904, XII, 
pp. 399-402. 

‘ A. von Koenen, in Jahrb. k. preuss. geoL Landesanst. for 1883, pj). 187-198, for 1884, 
Pl». 44-55, for 1885, pp. 53-83 ; and in particular Ueber die Dislocationeu westlieh und 
siidwestlich vom Harz und deren Zusammcnhang niit denen »les Harzcs, op. cit. for 1893, 
pp. 68-82; also Otto Lang, Die Bildung des Harzgebirges, 8vo, Hamburg, 1896, p. 31, 
uotc 5, ot passim. 
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Gottingen itself both borders are flexed upwards, and the trough is divided 
lengthwise down the middle by a saddle. 

East of Kreiensen, as von Koenen has shown, other faults exist, running 
north and south as far as Hildesheim. 

From Rustenberg, near the bend of the Leine, a new trough makes its 
appearance ; it has Iteen traced by E. Kaiser and Siegert for 60 kilometers 
to the north-north-east as far as Seesen, on the north-west border of the 
Harz ; it cuts oft* the Harz towards the north-west. Parts of the post- 
Variscan mantle are let down into it, but some of the north-westerly faults 
of the Harz may be recognized within it, and reveal themselves in the 
irregularities of its border b 

Li this way the group of the Rhine faults extends from the Jura moun- 
tains for about 500 kilometers to the north-north-east or north. In the 
north they exhibit a tendency to veer towards the east. The trough which 
they enclose in the .south is, as w^e have seen, 32 to 34 kilometers in breadth. 
At Mannheim the breadth is almost unchanged. The trough, in the 
meridional part of the Leine, measures only 7 to 8 kilometers across ; that 
which runs to the north-west border of the Harz still le.ss, only one to 
4 or 5 kilometers. 

The Rhine faults are an independent group, distinguished from the 
other faults of the Varlscan range by their direction and the trough which 
they enclose. Two attempts have been made to explain them. 

The first of these, following an older conception of Elie de Beau- 
monts, assumed a previously existent uplift, and saw in the trough a 
broken-in anticline. The divergent strike of the Variscan folds and the 
great length of the fault-lines are opposed to this view In the second 
explanation it was assumed that the fault-planes diverge in a dow^nward 
direction — that is, that in the west they are inclined towards the W'est, and 
in the east towards the east \ Apart from the fact that, according to 
Benecke, the main fractures in the went dip steeply to the east, this theory 

' E. Kaiser and L. Siegert, Beitr^ge zur Stratigraphie dee Perms und zar Tektonik am 
West-Harzrande, Jahrb. k. Preuss. geol. Landesiinst. (1905), 1906, XXVI, pp. 353-369. 

* A. de Iiapparent, Conference sur le sens des oiouvcments de Pecorce terrestre, Bull. 
Soc. geol. de Fr., 1887, 3® ser., XV, pp. 215 238; Note sur le mode de formation des 
Vosges, op. cit., 1888, 3® ser., XVT, pp. 181''184 ; also Note sur Thistoire geologique des 
Vosges, op. cit., 1897, 3® ser., XXV, pp. 727-730. 

® A. Andreae, Eine theoretiscbe Reflexion iiber die Richtung der Rheinthalspalte, Verb, 
nat.-med. Ver. Heidelberg, 1887, neue Folge, IV, pp. 16 24 ; Beitrag zur Kenntnisg des 
Rheintba]si>altensy8tems, tom. cit., 47*55; W. Salomon, TJeber eine eigenthtimlicbe 
Grabenversenkung bei Eberbacb im Odenwald, Mittb. badiseb. geol. Landesanst., 1901, 
IV, pp. 211-252; Ueber die Stelluitg der Randspalten des Eberbacber und des Rbeiii- 
thiilgrabens, Zeitsebr. deutseb. geol- Ges., 1903, LV, pp. 405-418. This work is based on 
tbe law of Schmid t-Zimmermann ; practical miners have often pointed out that it is not 
trustworthy, e. g. H. Hoefer, Die Ausrichtung dcr Verwerfungen, Oeaterr. Zeitsebr. f. Berg- 
u. Huttenw., 1881, XIX, op cit., 1886, XXXIV, 
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fails to recognize sufficiently the momentum with which such subsidences 
take place, and the fact that the movement is independent of the lie of 
the plane along which it occurs. This independence is so great that subsi- 
dences, as shown by the reversed dragging, may take place alternately on 
each side of one and the same plane, in whatever direction it may be 
inclined.,, Again, the final throw of the fault does not give the full extent 
of the subsidence, but only the difference in the amount of the movements on 
each side, so far as they have not counterbalanced each other. Such two- 
sided movements are known also to have occurred on the border of the 
Rhine trough ^ 

When Oskar Fraas first looked upon the Red Sea it reminded him of 
the Rhine trough (I, p. 374). Reyer and von Koenen have attributed the 
formation of this trough to tension. Its resemblance to the fnictures of 
East Africa is, indeed, so great that this must be accepted as the most natural 
explanation. Possibly it also shows to how great an extent, even as early 
as the middle of the ^.rertiary aera, this part of the Altaides had already 
become rigid. 

The position of the Kaiserstuhl at the bottom of the trough is homo- 
logous with tliat of the little volcanos which occur south of lake Rudolf 
(volcano of Teleki, Luttur, and others) 

Fractures strildufj ired-vorih-v.^ed or north-irest {Ilereynian or Asiatic 
fractures ; Karpindey's lines). Centi'al Germany is traversed by a number 
of long straight fractures, which do not iiiii quite parallel, but diverge a 
little from one another, striking in the south more to the west-north- west 
and in tlie north to the north-west. The south-west limb is frequently 
downthrown and the north-east limb thrust over the subsidence. Move- 
ments in the opposite direction, however, are not wholly wanting. Well- 
marked indications of the north-west direction may be traced as far as 
Scania, One set of these fractures lies north of the Bohemian basement ; 
another proceeds from its west side. 

These fractures produce elongated liorsts, such as the Thuringer Wald and 
the Teutoburger Wald. The}^ determine L. vou Buch s ‘ Hercynian system,' 
which embraces all the mountains striking to the north-west ; many 
eminent German geologists still describe these long lines as Hercynian. 

Von Koenen conjectured as early as 1886 that these Hercynian 

* Andrcae, p. 52, fig. 3, subsidence of the border ; Huene, Verb, naturf. Ges. Basel, 
1900, Xll, p. 343 : ‘ It is a most curiou.s circumstance that where we find this two-period 
displacement the motion of the fault is often reversed — the lift of the first period is the 
throw of the second. It is not always so . . . ’ ; Dutton, High Plateaus of Utah, p. 43. 

F.Graetf, Zur Geologic dos Kaiserstuhlgebirges, Mitth. badiseh. geol. Landesanst., 1891, 
il, no. 14, pp. 403-496, map ; K. Gruss, Beitrag zur Kenntnias der Gesteine des Kaiser- 
stuhlgebirges, op. cit., 1900, No. IV, 2, pp. 83-144 ;'Steinmann and GraefF, Geologischer 
Fiihrer durch Umgebung von Freiburg, 8vo, Freiburg, 1890, 141 pp., map. The Kaiaer- 
stuhl is still the centre of frequent earthquake shocks. 

80I.LAB IV n 
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lines must bear some relation to Karpinsky’s lines which proceed from Asia 
into Europe with the same direction ^ (I, p. 463 : PL V, m, m). To this 
question we will now turn our attention. 

We will first consider the sovihern grou]^. Most of these faults have 
been previously described, and a brief enumeration will now suffice. 

(а) The fault which proceeds from the south-east through D^gendorf 
to Raiisbon (I, pp. 138, 210). Jurassic and middle Cretaceous are overthrust 
from the north-east and bent in, near Voglarn, under the gneiss. 

(б) The next line is marked within the iincient rocks by the Great Pfahl^ 
and near Amberg enters the Mesozoic region (I, p. 208). Its length, measured 
from upper Austria to this point, is about 200 kilometers. In the interval 
extending from Ratisbon towards the north, and connecting this second line 
with the first, subsidence also occurs, and near Donauatauf, according to 
Brunnhuber, the Jurassic dips beneath the ancient mountains*. 

(c) The third line (I, pp. 193, 206 ; II, p. 106) begins south of Weiden and 
bounds the Fichtelgehirge and the Thilringev Wald on the -west. A number 
of parallel lines proceed from it and form together a group of great length. 
Towards the west, Ammon and ThUrach have observed a number of parallel 
faults which cut through the Franconian All> and the Mesozoic country 
as far as Schweinfurt, Kissingen and beyond \ In front of the mountain 
border, near Alten-Palkstein, gneiss steps over the Rothliegendo Tlie faults 
proceed into the Rhone valley and extend as far as the similar lines, which 
have been traced by Bucking and Proescholdt along the Thii ringer Wald. 
At Schmalkalden the Zechstein meets the Muschelkalk or Bunter sandstone 
along several lines, and at one place granite lies upon Bunter sandstone®. 

The Ringgau (Trias) is a horst according to Moesta, and at the same time 
t-ie continuation of the Thii ringer Wald Its southern border, in some 
places faulted into a trough, has been traced to Wollhei, west of Waldkappel ; 

' A. von Koenen, Ueber die Stdrungen, welcho den Gebivgsbau im nordwestlichen uml 
westlichen Dentschland bediiigen, Nachr. Ges. Wiss. G6ttingen, 188C, p. 197; (C. Regel* 
mann) Tektonische Karte (Schollenkarte) Sudwest-Deutschlands, herausgegeben voin 
Oberrhein. geol. Verein, 4 sheets, fol. 1898, is an excellent guide to the eouth-west, but oh 
account of the position of the fractures it only shows a part of them ; Lepsius, Geologische 
Karte des Deutschen Reiches, 27 sheets, 1894 -1897, where they may be clearly followed. 

* Brunnhuber, Ueber die geotektonischen Verhaltniase der Unigebung von Regens- 
burg. Ber. naturw. Ver. Regensburg, 1894, IV, pp. 237-252 ; F. E. Suess, Bau und Bild, 
pp. 8, 215 ; for the continuation of the disturbances into the Mesozoic region, E. Kohler, 
Die Amberger Erzlagerstatten, Geogr. Jahresh,, 1902, XV, pp. 11-56. 

* Ammon and Thilrach, Uebersiebt der Verwerfungen in Nord-Bayern, in Gumbel, 
Geognostische Beschreibung des KOnigreicbes Bayern, IV, Kassel, 1891, pp. 610-640, map. 

* Thiirach, ibid., p. 611. 

® H. Bucking, GebirgsstOrungen stidwestlich vom Thuringer Walde, Jahrb. k. preuss. 
geol. Landesanst. for 1884, pp. 546-555, map; op. cit. for 1886, pp. 41-44 et passim; 
E. Naumann, Tektonische StOrungen der triadischen Schichten von Kahla, op. cit. for 
1897, pp, 130-159 et pa.%im. 

® F. Moesta, Das Lias-Vorkoiumen bei Eichenberg in Hessen in Beziehung auf allgc- 
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a new north-Avest line makes its appearance between the two fractures of 
the trough, and near Lichtenau encounters a third, which runs to the north- 
north-east ; this is one of the Rhine faults. A little further north, at Gross 
Almerode, a we<lge-shaped fragment is faulted down ; the zone of fracture 
then runs more to the west-north- west ; it passes beyond C<assel and then 
turns again suddenly to the north-north-west, reaching the western scarp of 
the Erzgebirge after passing through Volksmarssen. According to Stille’s 
account it is a veritable crowd of north-westerly fractures which, with 
local deviations to the north-north-west, now makes its appearance near 
Horn, south of Detmold ^ The southern border of the Teutoburger Wald, 
with its w^ell-knowii overthrusts to the south-west, represents their further 
continuation. They terminate at a distance of about 440 kilometers from 
these fractures, that is from the west lx)rder of the Bavarian forest, which 
forms their starting-point. 

A number of similar fault-lines approach from the north-west ; of these 
we will only mention those on the south side of the Finne, which are 
visible as the boundaries of a long narrow band of Muschelkalk The 
whole plan of the country, however, as shown, for instance, on Sheet XIII of 
Lepsiiis’s map, is extremely peculiar. The folds of the Harz present the 
Variscan strike to the north-east. At the same time a structure appears in 
the post- Variscan mantle, nortli-west of the Harz, which resembles a series 
of synclines striking to the north-west, as, for example, the basin of Einbeck, 
that of Mils, Alfeld, and others In these basins the Mesozoic stages, and 
sometimes the Tertiary also, appear in more or less concentric zones. 
Detailed investigations show us, however, tliatall these basins are bordered 
by nortli -westerly fractures, that they are not synclines produced by 
folding, but, to use von Koeneus expression, mhsklence basins. 

Fissures, which within the Harz are known as metalliferous veins, are 
continued outside it, and cut through tlxe post- Variscan mantle as they 
proceofl to the north-west. They meet first witlx the outrunners of the 

inline Vcrhiiltnisse des Gebirgsbaixes iui Nordwesten des Thiiringer Waldcs, op. cit. for 
1883, pp. 57-80, maps. 

’ n, Stille, Der Gebirgsbau des Teutoburger Waldes zwiseben Altenbeken uiid Detmold, 
Jahrb. k. preuss. geol. LandeBaiist., 1899, pp. 1-42, map. and Ueber priicretacische 
Schichtenvei'schiebungen im illteren Mesozoischen des Egge-Gebirges, op. cit. for 1902, 
pp. 296-322, maps. For details of the deflexion A. Mestwerdt, Stdrungen am Falken- 
bagner Liasgraben, Festschrift fiir A. von Koenen, 8vo, 1907, pp. 221-230. 

.b H. Klooa, XI. Jahresb. Ver. Naturw. Braunschweig, 1899, pp. 114-116 ; E. Schutze, 
Tektonische Stdrungen der triadischen Schichten bei Kckartsberga, Suiza und Cainburg, 
Jahrb. k. preuss. geol. Landesanst. for 1898, pp. 65-98, map. 

^ H. Dubbus, Der obere Jura auf dem Nordost-Fliigel der llilsmulde, Inaugural- 
Bissertation, 4to, Gdttingen, 1888, 43 pp. ; H. Monke, Die Liasmulde von Herford in 
Weetphalen, Verb. Naturf. Ver. preuss. Eheinl., 1889, XXXV, 114 pj)., map ; M. Schmidt, 
her Oebirgsbau des Einbeck-Markoldendorfer Beckons, Jahrb. k. preuss. geol. Landes- 
anst. for 1893, 32 pp., map ; also E. Harkort, Die Schaumburg-Lippe’sche Kreidemulde 
(Inaugural-Dissertation,, Gottingen), 8vo, Stuttgart, 1903, 
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Rhine faults. Some local inbreaks make their appearance, such as the Kahl- 
berg at Echte ^ ; and the fault-lines then extend so far to the north-west 
that von Koenen succeeded in tracing one of them from the north side of 
the Harz through Gronau into the neighbourhood of Hameln on the Weser 
mountains®. Thus we are led to conclude that the whole of the Teutoburger 
Wald from Detmold to beyond Ibbenbiihren, along with the Wiehern and 
Weser mountains, and the Suntel,has been shaped out of the post-Variscan 
mantle by faults and flexures. All these hills may be regarded as forming 
a common horst,not unlike that of the Thuringer Wald and the Ringgau,or 
more precisely a double horst, since the upper Carboniferous occurs at 
Osnabriick along two parallel lines. 

{(1) It has been shown by borings that only a part of the existing 
fractures are exposed to view. Stille states that a subterranean fault with 
a downthrow to the north runs from the Erzgebirge, near Paderborn and 
north of Munster, along the entire length of the Teutoburger Wald and 
parallel to it, so that the Teutoburger W^ald is bordered on the south by a 
fault-trough. The tlirow is believed to amount to at least 1,000 meters®. 

The observations made by O. von Linstow are of scarcely less importance. 
A notable subterranean clifi' runs west-north-west from the neighbour- 
hood of Spremberg (on the Spree) as far as Wolmirstedt,on the E11)e (north 
of Magdeburg) — a distance of 200 kilometers. It divides the Palaeozoic 
formations of the south from the Trias in the north. It would appear that 
a sharp drop of the beds, not a fracture, runs parallel to this line, from 
Magdeburg to Dessau, and thus forms a horst or demi-horst. The Roth- 
liegende and the Palaeozoic patches, once known as the coastal fringe of 
Magdeburg, which strongly recall the Harz, are now seen, along with the 
Palaeozoic exposures of Bitterfeld, Torgau, and elsewhere, to be parts of 
this subterranean ridge. 

Another parallel fracture runs past Cothen. The lower Tertiary areas 
of Egelen, Aschersleben, and elsewhere are possibly subsidence basins 

Borings seem to show that on the other side of the Rhine, from Aix to 
beyond the Meuse, the Coal-measures are traversed by a number of north- 
westerly faults ; it is believed that they take their origin far to tlie east of 
the Rhine 

^ J. Perrin Smith, Die .Turabildungen des Kalkbergea bei P^chte, Jahrb. k. preuss. geol, 
Landesanst. for 1891, pp. 1-71, map. 

* Von Koenen, Jahrb. k. preusB. geol. Landesanst. for 1885, p. 80. 

® Stille, Schichtenabtragung und Transgression, etc., Jahrb. k, preuss. geol. Landesanst. 
for 1905, XXVI, pp. 103-125. 

* 0. von Linstow, BeitrSge zur Oeologie von Anhalt, Festschrift fiir Koenen, 1907, 
pp. 19-64, map, in particular p. 51 et seq. ; F. Klockmann, Der geologische Aufbau des 
sogenannten Magdeburger UfeiTandes, Jahrb, k. preuss. geol. Landesanst., 1892, XI, 
pp. 118-256, maps. 

* Forir, Habest, and Lohest, Ann. Soc. g^ol. Belg. Liege, 1902-1906, XXX, Mem., 
pp. 607-621, also p. 626 et seq., maps. 
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North-west to west-north- west fractures also traverse the islands of 
Bugen ' and Bornholm. It has already been pointed out that Scania is 
completely broken up by them (II, p. 47, fig. 5) ; and that there they are of 
different ages. The border of the Teutoburger Wald is overthrust to the 
soutli-west; the north border of the Kyffhaus, on the other hand, to the 
north-east. It is a striking fact that a similar movement, restricted, how- 
(wer, to a comparatively narrow space, marks the northern border of the 
Harz. The view has often been expressed that this fracture on the north 
border of the Harz is a continuation of the distant fracture of the Elbe in 
Saxony 2 . 

Let us now turn our attention to this disturbance and to the northern 
ijrou'p of fractures (I, p. 138; II, p. 109). 

A great pencil of these lines of disturbance traverses the north-east of 
Bohemia and the Sudetes. The most easterly of them forms the straight, 
sliarply-defined slope of the Eulen range which overlooks the Silesian plain. 

The most southerly members of the group present a direction — not to 
tlie north-west, but to the north. To all appearance they proceed from the 
cleft between the Sudetes and the Moravian gneiss, north of Briinn (I, p.l86, 
lig. 24), which, as recent investigations show, was already sketched out in 
Permian times It is in the latter part of their course that tlie fractures 
turn to the north-west. The series of fractui*es which make up the curvi- 
linear outline of the south-west foot of the Sudetes, together with the just 
mentioned boundary fracture of the Eulen range, give to the Sudetes, 
j'egarded as a whole and including the Riesengebirge. the characters of 
a horst ; within this horst the disposition of the Cretaceous beds indicates 
the presence of many other fractures running more or less parallel to the 
boundaries of the horst. Leppla, Freeh and his colleagues, and Petraschek 
also, have given sketch-maps of this region. These show a horst at Lands- 
kroner and at Mense, and troughs at Neisse 

The scarp of the Sudetes starts, far away in the south, at Neustadt and 
Ziegenhals, and approaches the northern plain. Isolated bosses of the sunken 

* W. Deecke, Der Strelasund and Rugen, Sitzb. k. preuBS, Akad. Wiss. Berlin, 1906, 
XXX VI, pp. 618- 627, and in particular N. J. f. Min., 1906, Beilage-Band XXII, pp. 114- 
138 ; E. Geinitz, Geologischer Fiihrer durch Mecklenburg, 12mo, 1899, p. 5. 

“ e.g. 0. Lang, Die Bildung des Harzgebirges, Siunml, gemeinverst. wiss. Vortrage, 
Hefte 236-237, 8vo, Hamburg, 1896, 32 pp., maps, in particular p. 13. 

F. E. Suess, Bau und Bild, p. 297. 

* A. Leppla, Geologisch-hydrographische Beschreibung des Niederscblagsgebietes der 
Glatzer Neisse, Abh. k. preuss. geol. Landesanst., 1900, neue Folge, Heft 32, 368 pp. and 

in particular p. 37 ; F. Freeh, Ueber den Bau der schlesischen Gebirge, Hettner’s 
Gcogr. Zeitschr., 1902, VIII, pp. 553-570 ; W. Petraschek, Das Bruchgebiet des bOhmi- 
schen Antheils der Mittelsudeten westlich des Neisse-Grabens, Zeitschr. deutsch. geol. 
Ges., 1904, pp. 210-222, pi. XXXV ; A. Schmidt, J. Herbing,and K. Flegel, Zur Geologie 
des bahtnisch-Bchlesischen GrenzgebirgesXdargcbracht der dcutschen geologischen Gesell- 
«chaft aus Anlass ihrer Tagung in Breslau, 1904), 8vo, 158 pp., Tektonische Skizze auf 
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mountains rise from the depression ; Cretaceous troughs enable us to trace 
the faults far to the north-west, and even beyond Naumburg up to Wehrau 
on the Queiss. Here this group of the north-westerly fractures disappears. 

On the west border of the mountains, at Hronow on the Mettau, the 
mines show us that the Coal-measures are traversed by a great disturb- 
ance, and thrust over the margin of the Cretaceous towards the south-west^. 
From this point onwards the fractures become continuous. Near Liebenau 
a great flexure forms the border of the Jeschken mountains. Then follows 
fracture and overthrusting. At Wolfsberg, not far from Khaa, on the Saxon 
frontier, the border of the overthrust granite recedes in an arc : then it runs 
in a north-west or north-north-west direction, just ejist of Dresden and close 
to the right bank of the Elbe, up to Oberau near Meissen. This great and 
remarkable dislocation is called the fracture of the Elbe or the main fault 
of Lausitz. 

Only two of the features which distinguish this dislocation need be 
mentioned hero, namely, the peculiar overthrusting and a Permian dis- 
turbance below tlie Cretaceous at Ddhleii, not far from Dresden. 

The Cretaceous formation spreads over the valley of the Elbe; its most 
important member is the Quader sandstone (Turonian). It forms a platfonn 
sloping from the Erzgebirge towards the north-east at an angle of from less 
than two up to eight degrees at the most: all the table-mountains, pillars, 
and columns of Saxon Switzerland have been carved out of it. It is 
cut through by several north-westerly faults. In thr 3 west, at Windiscli- 
Cardorf, the downthrow of the south-west limb along one of these faults 
amounts to 300 meters. On the left bank of the Ell>e at Cosselbaude, 
below Dresden, a sliort fault occurs which, as an exception, shows a down- 
throw to the east 

The superposition of granite on Cretaceous, which occurs at Hohnstein, 
has from an early time excited great interest in the minds of observ’^ers. 
Coming from the west, we approach this spot through the valleys of the 
gently sloping Cretaceous platform. The castle of Hohnstein stands on 
almost horizontal beds of upper Quader sandstone, which arc traversed l^y 
a slanting cleft, as though the upper part of the mountain had been forced 
obliquely upwards over the lower. The crushed Cretaceous is overlain by 
Jurassic, and this by the granite 

PI. Ill ; Ueber daa jlingoro Palaeozoicum, etc., Jahrb. k. preusg. geol. Rcichsanst., 1905, 
LV, pp. 217-242. 

K. A. Weithofer, Der Schatzlar-Scwadowitzer Muldenflugel des nioderschlesisch' 
bOhmiachen Steinkohlenbeckens, Jahrb. k. preuss. geol. Reichsanst., 1897, XLVII, pp. 455- 
478, map, in particular p. 475. 

* K. Balmer and R. Beck, Geologischc SpeciabKarte des Konigreiclies Sachsen, Bl. 65, 
Wilsdruff-Potechappel, 1894, ErJautorung, pp. 54-56. 

R, Beck, op, cit., Bl, 84, KOnigstein-Hohenstoin, 1803. A general survey of th(3 
sunken area is given by Beck in Tschermak. Min. petr. Mitth., 1893, XIII, pp, 290-341. 
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The Jurassic is continued into the north of Bohemia, but only as a band 
pinched into the dislocation, and it is absent throughout all the rest of 
Saxony and Bohemia. 

The embaymont in the side of the granite on the Saxon frontier was 
probably produced by denudation ; it extends onwards for about four kilo-' 
meters. •Within it we see a flake of Rothliegende more than a kilometer in 
length, lying over the Cretaceous and below the granite. It is an intra- 
telluric erratic which has been caiTied up to the surface.^ We cannot apply 
tlie same explanation to the Jurassic ; its character and distribution are not 
in harmony with such a view. The inverted aeries — Cretaceous, Jurassic, 
granite— indicates, in fact, overfolding to the south-west. At this place the 
extent of the overfolding amounts to at least four kilometers. 

The expression ‘ back folding ' has been applied (I, p. 138) to this disloca- 
ti(3ii, but inappropriately ; the term should be restricted to that process 
which is the reverse of forefolding (as it occurs, for instance, in the interior 
of the Asiatic vertex). 

A little to the west of the outskirts of Dresden we reach the coal-field 
of Duhlen, It appears on the map as an ellipse of Rothliegende, 20 kilo- 
metoi’s long and 7 kilometers broad, resting unconfornuibly on Silurian, 
granite, and syenite. Its structure has been elucidated by raining opera- 
tions. The ellipse is cut through by a series of faults with a north-west 
strike. The beds of Rothliegende dip for the most part to the north-w'est ; 
the faces of the fa\ilts hade, almost without exception, steeply to the north- 
east. A small horst runs through this basin. The most important disloca- 
tion extends along its north border as a series of step-faults known as the 
Kothe Oclise. The sum of the several throws gives a subsidence of 360 
me tens 

These subsidences are produced by the local common increase in down- 
throw of a number of parallel strips — a sagging along fracture. The 
elliptical outline is duo to denudation. We have tlius additional examples 
of the same structure as that presented by the subsidence-basins north-west 
of the Harz, though tlie latter arc much younger ; the faults of Dohleii are 
older than the. Cenomanian, and conse(iuently also older than the ueigh- 
l)Ouring fracture of the Elbe, which runs parallel to them. 

What kind of relation may exist between these fractures, which proceed 
from tlie Sudetes, and the long subterranean fracture of Wolmirstedt- 
Spremberg is not known. But it can hardly lie doubted that all these lines 
of dislocation, possessing so many characters in common, must have a common 
origin independeut of the Variscan folding. They are not of the same age, 

^ 0. Herrmann and R. Beck, op. cit., Bl. 86, Hinterhermadorf-Daubitz, 1897, Erl&uteruzig, 
p. U. 

* R. HausBc, Profile durch das Stcinkohlenbecken des Plaiien’schen Grundet, op. cit., 
1892, pi. ; Beck in Erlfiuterung zu Blatt 66, Dresden, 1893, p. 43. 
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but they are all later than the Permian, and the great majority are later 
than the Cretaceous. 

They resemble the Asiatic type presented by the coal-basin on the 
Donctz, i.e. the continuation of the line of the Alai, in the following points : 
(1) their strike to west-north- west or north-west; (2) the decrease in intensity 
which they so frequently exhibit in this direction; (3) their rectilinear course, 
which may be maintained for a distance of 440 kilometers ; and (4) the over- 
thrusting, directed almost exclusively to the south-west, by which the 



Fig. S. The Coal basin of J^Men mar Dresden (after llaussc). 


overthrust part may 1>e carried to a distance of perhaps four kilometers. 
Concurrently with this, the south-west limb almost always sinks down. 

A deviation of these lines from the Asiatic type is shown by the curved 
deflexion of the Elbe fracture.s into the clefts at Briinn. 

Their characters are just as opposed to tho.se of the European Altaides 
as to those of the Rhine faults, but they present this feature in common, 
that not a trace of tliem can Ite discovered in the Alpine region. They 
cannot be attributed to any movement coming suddenly from Asia, for they 
are of different ages. The contrast they present to folds corresponds in 
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a striking manner with the contrast which reveals itself in the east between 
the north and south sides of the horst of Azov. 

We will now only recall the manner in which the line of the Alai is con- 
timie<l into the coal-field on the Donctz. If we look for rectilinear horsts 
striking to the north-west, like that of the Thliringer Wald, with the Ringgan 
or the T«utoburger Wald, we shall find them again, on a very large scale, 
south of lake Saissan, where the Dzungarian disjunctive linos advance to , 
the north-west, and, according to the recent gbservations of Obrutschew, 
convert the Saur, Maurak, Tarbagatai, Barlyk, Maili, and other mountain 
ranges into so many long horsts, which cut the strike of the folds at an 
acute angle ^ (III, p. 163). 

The hypothesis advanced by von Koenen, that this group of dislocations 
corresponds with Karpinsky’s lines, affords, according to existing observa- 
tions, the most natural explanation. We have no grounds for connecting 
the fracture of the ElVie with the border of the Harz. 

We shall return to these lines when discussing the Pyrenees. 

* W. A. Obrutschew, Expedition zum Barlyk und Tarbagatai im Jahre 1905, Vorliiufiger 
Hericht, 8vo, Tomsk, 1907, 21 pjj. 
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ARMORICA AND THE AMERICAN ALTAIDES 

The western border of the Central Plateau. Brittany. Younger folding. Extension ot 
the London basin. Transatlantic Altiiides. Relations in the pre-Carboniferous period. 
Stratified series in the Carboniferous system. Appalachians as far as the Mississippi. 
Atlantic and Pacific characters. Api>alachians beyond the Mississippi. The North 
Atlantic Ocean, 

The ivestern border of the Central Plateaii- The subsidence of the 
Central Plateau takes place in the west, as in the Variscan region, along 
marginal fractures which run in the most diverse directions. Here, also, the 
subsiding mantle begins with the upper Carlioniferous, as in Moravia and 
Franconia; the Trias lies unconforrnably, as in certain places in west 
Germany, but does not begin until the Rhaetic stage, and is completely absent 
further north, where consequently the unconformity begins with the Lias. 

Let us take the coal-fields of Decazeville as our starting-point. Great frac- 
tures approach from the east-south-east, and the Jurassic Caussc du Comtal 
is let down along them. West of Decazeville the fault of Villefranche enters 
the region from the south -south-west ; it is a great rectilinear marginal 
fracture, which cuts oft' the south-west of the Central Plateau for a distance 
of 50 kilometers. In front of it lie step-faults and repeated short foMs 
with a different strike, which are sometimes bordered on each side liy 
a fault, so that they possibly represent the secondary results of subsidence b 

Further north, towards the Dor<logne, fractures running to west-north- 
west or north-west make their appearance. Fig. 4 represents the granite 
platform of the Haute Correze as worked out l>y Mouret in the east. 
Following the margin of the granite on the west is the Faille d’Argentat 
which strikes to the north, and is bordered by small seams of coal. West 
of this fault lies the anticline of Roche-d<vVic, 80 kilometers in length, 
which may be regarded, perhaps, as a normal Armorican fold. The 
boundary faults, striking somewhat more to the west, cut across the outer 
zones of the Central Plateau. In front of the plateau lies the upper 
Carboniferous and Permian coal-field of Brive, faulted down in a trough. 
A fault running parallel to the Ixuiridarj^ faults divides it from the isolated 
horst of Terrason which descends towards the west beneath the Mesozoic 

* The most important of these must probably be regarded as a bent anticline lying 
between two bent faults. E. Fournier, Le Ddme de la Gresigne, Bull. serv. Carte gM- 
France, 1898, X, pp. 331 “339 ; A. Thevenin, Etude geologique de la Bordure sud-ouest 
du Massif Central, op. cit., 1903, XIV, pp. 353-554, map, in particular fig. 34, i>. 484. 
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mantle. At Meyssac, 16 kilometers south-east of Brive, the Faille du 
Mcyssac leaves the border of the plateau and cuts off on the south the 
Carboniferous and Permian deposits of Brive, as well as a very small horst 
at Lissac and the larger one of Terrason, and then strikes away into the 
Mesozoic region 

Man^s and d’Archiac early recognized the long lines of dislocation which 
run towai'ds the south-east from the island of Oleron through the lower 
Charente. Next, Amaud described folds ^ in the Cretaceous between 
Angouleme and the Dordogne, and Fallot afterwards compared the folds 
of Aquitania with those of the Paris basin K Then Glangeaud marked out 
three long anticlinal axes and two basins in a tract of country 250 kilo- 
meters in length and 50 kilometers in breadth, which extends from Oleron 
and Rochefort to the Lot. These lines were believed to be the outcome of 
the folding of the Pyrenees. It was also assumed that they are continued 
into the ancient horsts 

The only one of these lines which has been traced in the south-east up 
to the ancient horst is the Faille do Meyssac. In its course from the border 
of the Central Plateau, through a distance of 80 kilometers to the west- 
nortli-west, till it reaches the other side of the river Isle above P<?rigueux, 
this line, as Mouret has shown, is a fault wdth a downthrow to the south. 
That it has been regarded as a broken anticline is due to the fact that the 
horsts of Lissac and Terrason disappear along it, and with this disappear- 
ance the bods, in some localities, dip away from it on each side^. 

A fracture with a throw to the south is visible for a long distance, the 
strike passing from west-north-west to north-west; then follows a flexure 
which extends for a comparatively short distance, as may be seen from 
Glangeaud s detailed description ; its drop decreases, and before the Drome 
is reaclied a neutral region makes its appearance in the form of a flat 
saddle. Soon a flexure again sets in, but this time it is the north limb 
which is dropped. The so-called ‘ Dom ' of Mareuil is a part of this flexure, 

^ G. Mouret, Bassin houiller et permien de Brive (in Etudes dcs Gites mineraux, piibliees 
^;ous los auspices de M. le Miiiistre des Travaux Publics), 4to, 1891, 444 pp., maps. 
A comprehensive survey is given by G, Mouret in Reniarquea sur la geologic des terrains 
anciens du Plateau central do la France, Bull. Soo. gool. de Fr., 1898, 3*^ sih-., XXVI, 
pp. G01-f)12, map, and in Apor^u sur la geologic de la partie sud-ouest du Plateau central 
do la France, Bull. serv. Carte geol, France, 1899, XI, pp. 51-88, maps ; also in Les 
Regions iiaiurelles du Dth^J^-rtement de la Correze, Bull. Soc. scient., hist, ct archeol. de la 
Corre/.e, Brive, 1896, XVIIl, 11 pp., map. 

* E. Fallot, Sur la disposition des assises cretacees dans Pinterieur de TAquitaine, C. R., 
Febr. (>, 1893. 

’ P. Glangeaud, Un plissement remarquable ii Pouest du Massif central de la France, 
C. R., June 13, 1898, map ; Les plissements des terrains cretaces du bassin de PAqui- 
taiiie, op. cit., Dec. 26, 1898 ; iStude sur leg plissements du Cretace du bassin de I’Aqui- 
taine, Bull. serv. Carte geol. de Fr., 1899, XI, pp. 1-48, map. 

* Mouret, Bassin de Brive, x). 146. 
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along which some upper Jurassic is exposed; and flexure or fracture 
continues as far as the Cha^ente^ 

The existence of the other two anticlinal lines in north Aquitania is 
inferred from similar observations. The faults emerge from the ancient 
horsts and enter the Mesozoic covering under conditions similar to those 
which obtain in Bavaria, except that liere they more frequently pfetss into 
flexures. 

Towards the north, near Limoges, and in the neightourhood of Con- 
folens, the resemblance between this region and Bavaria incretises, owing 
to the occurrence of long quartz veins, some of which are clearly associated 



Fifx. 4. The western border of the Central Plateau near Brire (after M*»uret). 
y Granite and graniilito ; x gneiss and phyllite ; X Jeptynitc ; c Carboniferous sandstone 
and congloinorate ; p Permian deposits; a the horst of Liusac. 


with faults. Further east, west of the Clier, the contour of the Central 
Plateau, as it diverges more and more from the Armorican strike, presents 

* For a more detailed account of these relations, cf. Glangeaiid, Bull serv. Carte geol. do 
France, 1899, XI, the sections in the following order from north-west to south-east : p.8, 
fig, 3, section of Rochebeaucourt, flexure to the north-east ; p. 6, fig. 2, Dom de Mareuil, 
continuation of the flexure to the north-east ; p. 10, fig. r>, Verneuil, the same, but feebler ; 
]). 10, fig. 6, neutral place on the Cole; p. II, fig. 7, on the Beauronne, beginning of the 
flexure to the west; p. 12, fig. 8, Puyrina; here we already have the fracture towards 
the west, extending to the Central Plateau. Fig. 4, section between La Couronne and 
Mouthiers, is copied from Arnaud ; I disregtird it for the present on account of its exag- 
gerated vertical scale. It would besides only show that a transition from flexure to fault 
occurs again further to the north-west. Cf. H. Amaud, Etudes pratiques sur la Craie da 
sud-ouest ; Profils geologiques des chemins de fer, Acies Soc. min. Bordeaux, 1876, 1877, 
1878, 1883, 1892, etc. 
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in some localities, as De Launay points out, a serrated appearance, owing 
to the occurrence of fractures, just as may be seen on a large scale in 
Franconia 

These examples have been cited to show how difficult it may be to 
distinguish between faults, wliich emerge from horsts, and postliumous 
folds, wjion they follow nearly the same direction. The problem solves 
itself as soon as the directions diverge from one another. 

The strait of Poitiers is completely cut through by north-westerly 
trending lines of dislocation; these have been mapped by Welsch. Certain 
parts of lines, or even entire lines, have been interpreted sometimes as 
faults, sometimes as folds, and attributed to the influence of the Pyrenees. 
In the sti'ait itself they strike from horst to horst, and quartz veins are 
continued beyond the horsts, in much the same way as the Bohemian 
Pfahl is continued beyond the Tertiary land of Eger to reappear in the 
Erzgebirge 

Brittany. In Devonshire, the Devonian and Culm enter into the 
mountain structure as broad zones, but this is not the case with the 
Palaeozoic rocks of Brittany, for the zones they originally formed have 
been reduced by denudation to long pinched-in strips, often very narrow, 
which strike tlirough the mountains as the trend-lines of vanished synclines 
(II, pp. 89, 113). Wo may, perhaps, infer that the chains of Brittany were 
once higher than those of Devonshire. In many of its features the plan 
of the mountain structure is more clearly exposed in this denuded area 
than in younger mountains of greater relief ; it has been worked out by 
Barrois in several masterly memoirs^. 


^ De Launay, Les dislocations du terrain priniitif dans le Nord dn Plateau Central, Bull. 
Soc. de Fr., 1888, 3^* ser., XVI, pp. 1045-1063 ; Bull, serv. Carte geol. France, 1894, 
IV, p. 318, and 1898, X, pp. 89, 90 ; also Les sources thennalcs de Ndris et d’6vaiix, .\nn. 
dea Mines, 1895, 9'' sor., VI 1, Y)p. 563-623, map ; Recherche, captage et amcnagement des 
sources therino-ininerales, 8vo, Paris, 1899, p. 251 et seq. For the sheet with Limoges, 
Mouret, Bull. serv. Carte geol. France, 1899, XT, p. 82 ; cf. also (Jlangeaud, tom. cit., p. 44 
et passim. 

’ J. Welsch, Les pliasements dcs terrains secondaires dans les environs de Poitiers, 
C. R., June 13, 1892, and Bull. Soc. geol, de Fr., 1893, ser., XX, pp. 440-456, map ; in 
particular Bull. serv. Carte geol. Fiance, 1896, IX, p. 311, and Bull. Soc. geol. do Fr., 
1905, 4® ser., Ill, p. 941. 

• Here wo will only mention C. Barrois, Legende de la feuillc de Plouguerneau et 
Oueasant, Ann. Soc. geol. du Nord, 1893, XXL p. 390, on account of the important 
observations on the connexion between the.se mountain fragments, also Le Bassin du 
Menez-Belair, op. cit., 1895, XXII, pp* 181-350, maps, showing the crossing of older 
trend-lines by younger folds ; also Feuillcs tie Belle-Ile et do Quiberon, Bull. serv. Carte 
geol. France, 1897, IX, pp. 315- 318, showing the junction with the secondary folds in the 
south ; and Dcs divisions geographiques de la Bretagne, Ann. de Geogr., 1897, pp. 23-64, 
and map (cf. 11, p. 89, note 2} ; also sketch of the Geology of Central Brittany in Proc. 
Geol. Assoc., London, 1899, pp. 101-132, and ‘ Bretagne ’ in the Livret-Guide of the Eighth 
Geological Congress, 1900. 
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As we have already pointed out, there are three principal lines of dis- 
location. These are : (1) a long anticline of ancient gneiss, which is deflected, 
at its extreme western end, slightly to the west-south-west; it follows 
a rectilinear course from the region south of Quimper along the south 
coast through Vannes and Nantes on the east side of the horst (II, p. 90) ; 


% 



Fig. 5. The Annorican pcninsida (afti;r Barrois). 
fif hy c bonkr of the horst of Brittany ; c border of the Central Plateau. 


this line is the axin of Cor7to\w/illm \ (2) a second anticlinal band of gneiss 
runs from the coast near the island of Ouessant along the north coast to 
the north-east; this is the axis of Lion\ if it were prolonged into the sea 
it would meet the first line to the sraith-west of Ouessant; (3) between 
these two bands of gneias is a longpinclied-in zone of Silurian, Devonian, 
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and Carboniferous, forming on the west the coal-basin of Chdteaulin, on 
tlie east that of Laval; these basins are connected by a still narrower 
pinchecl-in band, the badn of Bilair. This pinched-in zone has been 
traced for a distance of 340 kilometers ; and neither to the east nor to the 
west is its natural termination to be seen. 

North of the axis of Cornouailles, the long straight syncline of Saint 
J alien de Vouvantes strikes from the islandxS off* Pointe du Raz, through 
this promontory, and past Quimper towards the east-south-east, till it passes 
slightly beyond St. Barthelemy, north of Angers. This synclihe, however, 
does not run parallel to the V)and of gneiss, but diverges from it more and 
more towards the east- Shorter anticlines and synclines insert themselves 
in the interval, among them the coal-basin of Ancenis; and, since they 
remain j)arallel to the synclino of Saint Julien de Vouvantes, their position 



Ft<;. f>, 77</' syndinc of Mv.ncz-Bdair cut throiujh hu th^ antidinc of Binan (after Barrois). 


with regard to the gneiss V)and of the axis of Cornouailles recalls, to use 
Barrois’s expression, the ‘ barbs of a feather.* 

Other syncHnos follow towards the nortli in the direction of Rennes, 
and seem to form a gradual passage from the south-easterly direction of the 
axis of Cornouailles into that of the pinched-in zone of ChS.teaulin, B(^lair, 
and Laval, wliich forms a gentle arc striking east and west or west-north- 
west. 

In the middle of this zone we have the rare opportunity of observing 
how an ancitiiit folded system is cut through by a younger. To obtain 
a clear conception of the facts we must start from the band of gneiss in 
the north-west, the axis of Ldon. It is followed towards the east by other 
anticlines and synclines, striking eastwards in a gentle arc, and reaching 
the coast at the bay of St. Bricuc, or still further to the e^xst. The margin 
of the l)asin of ChAteaulin is sometimes caught in by these east-north- 
easterly synclines. 

Still further east the pinched-in zone is actually cut across slantwise by 
anticlines striking to east-north-east or north-east. For instance, the syncline 
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of M^noz-B(^lair is thus cut across by the anticline of Dinan, and further east 
by that of Foug^res. Concurrently the pinched-in zone is forced upwards 
in a saddle, bent in azimuth, and diminished in breadth ^ 

From this Barrois concludes that the folds trending east-north-east or 
north-east are younger than the folding which has pinched in the long 
strip of Chateaulin-B<^lair-Laval, and that the folding of L<^on is younger 
than that of Cornouailles. The fact that the Pahieozoic beds are caught 
in by the synclines striking east-north-east shows that the Palaeozoic btvsin 
must at one time have possessed a greater T)readth. 

Fig. 5 marks the course of some of these younger lines. We see that 
as they approach the bay of Saint Male they turn somcAvliat more to the 
north-east, and Hatten out south of the bay of Saint Michel as they proceed 
to the east-south-east -. 

To the south a syncline wdth a north-east strike meets the south-west 
coast of the bay of Saint Michel, reappears near Avranches, then forms an 
arc slightly convex to the north, and turns towards the east-south-east 
Lecornu has described another similar arc as the ‘zone bocaine’; this 
has its vertex vsouth of Saint Lo^. Micliel Lt5vy has given a brief account 
of the various lines which reach the peninsula througli Jersey and 
Guernsey ; some of them cross the Cotontin, oth<n\s arc heaved out in 
Palaeozoic synclincs^. Tlie northernmost extremity of the district near 
cape La Hague is formed, according to Bigot, of pre-Caml>riaii and Silurian 
rocks, which are affected by fractures and influenced by adjacent eruptive 
rocks 

We are thus introduced to a very peculiar structure. 

The folds which make their appearance in the west, south of the axis 
of Lfon, present, as far as the bay of St. Bricuc, a curved strike, convex 
towards the north. Then their coui'se becomes concave, they turn to the 
north-north-east and nortli-(3ast, and in the northern part of the Cotentin 
form the outer lines of a second and more important arc. 

If we take into account the observations of Oehlert and Bigot, made 
near Mayenne and Alen^on, then we seem to have indications of tlie 

’ C. Barrois, Le Bassin dii Menez-Belair, Ann. Soc. gcol. du Nord, 1805, XX.II, p. 273, 
13 ; its north east end disapi:ears in a mass of granite. For otfshoots from the basin 
of Laval, Oehlert, Feuille de Mayenne, Bull, sei-v. Carte geol. France, 1896, VIII, no. 53, 
pp. 57-61. 

® C. Barroi.s, Feuille de Dinan ; Ann. Soc. geol. du Nord, 1893, XXI, p. 39. 

* VVe must thus correct the remarks made in II, p. 90, on the continuation to cape 
Frehel, which were based on older statements. 

* L. Lecornu, Sur les plissements siluriens dans la region du Cotentin, Bull. serv. Carte 
geol. France, 1893, IV, pp. 395 414, little map. 

” Michel Levy, Contributions a Teliide du Granit de Flamanville, Bull. serv. Carte 
geol. France, 1894, V, pp. 317-357, in particular p. 318, fig. 1. 

® A. Bigot, Feuille des Pieux, Bull. serv. Carte g^l. France, 1898, X, pp. 106-109. 
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begiiniing of a third arc. Tho north border of the basin of Laval forms 
the starting-point both of a number of folded ranges, completely homologous 
with the anticline of Dinan, which strike between east-north-east and 
north-east, and of a syncline which strikes through Mayenne and Villaines 
into the neighbourhood of Alen^on^. 

In thcbarc of the Sarthc, near Alen^xm, the anticline which approaches 
from the south-west divides, on the borfler of the ancient mountains, into 
two branches, one directed to the north-north-east, tlie other to the east- 
north-east In the southern part of the grcitt basin of Coevrons, however, 
wliich lies south of this point and reaches the border at PVesnay, the strike 
t urns to the south-east. This is the commencement of the third arc. We 
see the same direction in the little remnant of the older series which crops 
out, north-west of Le Mans for example, from beneath the Jurassic covering. 

From these observations we conclude that the very generally accepted 
view wliich regards the area of a great folded system as arising in regular sue- 
erssion one heliind the other, and shoved, as it were, one against the other, does 
•not apply to this regv)n. The basin of Cliatoaulin, which even includes tho 
Culm, is just as miicli the outcome of the great inter-Carboriiferous move- 
ments of the Anaorican folding as the saddles which cut througli this 
basin, and in the interior of the mountains several ai;cs exist. Thus it 
would appear that the intercalation of ancient cores must be taken into 
iiceonnt 'K 

'File gneiss range of Cornouaiiles is bordered on the east by a quartz 
vein 140 kilometers in length, which recalls the Great Pfahl, and rnarka 
this feature ns one of great stability. 

The axis of the coal-liasin of Ancenis is regarded by M. Li^vy as a 
trend-line wliich continues into the Central Plateau'^. 

lixtension of the London basin. The Armorican arc is interrupted by 
a gap which extends from the Mondips to Boulogne. The basin is open 
for tlic whole of this long distance, and it is precisely here that the Weald, 
the most imj^ortant of the younger folded regions, makes its appearance. 
Consistently with tho views of Godwin Austen and many other authorities, 
it was originally supposed (II, p. 92) that the overfolded Coal-measures of 
the Mendips were continued beneatli the Mesozoic mantle, past Exeter, to 
tho overfolded Coal-measures in the north-east of France. But the case 

* Cf. the little map in Oehlert, Feuille de Mayenne, bull. serv. Carte geol. France, 1896, 
Vni, p. ()0, and p. 58 for the bend of the strike. 

" D. P. Oehlert and A. Bigot, Note sur le massif silurien d’llesloup, Bull. Soc, geol. de 
Iriince, 1898, 9^ ser., XXVI, pp. 82-103, map. 

A. Bigot, Le massif ancien de la Basse-Normandie, Bull. Soc. geol. do France, 1904, 
4® ser., IV, pp. 909 953, max) '» particular p. 944. 

^ Michel Levy, Situation stmtigraphique des regions volcaniques de PAuvergne, Bull. 
Soc. geol. de Fn, 1890. 3*' ser., XVIIl, ijp. 688-952; in particular p. 690, and pi. XXIi, 
% 1 . 

ftOLLAB IV m 
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is not so simple. A combination of earlier and later observations now 
enables us to perceive that to the east of the Caledonian zone of Wales 
movements of Annorican age have proceeded across the supposed outer 
border for a considerable distance to the north. 

In south-west Wales, as far as Carmarthen l>ay, the Coal-measures are 
pinched in, and form an extremely narrow zone ; further oast, th§y expand 
into the great coal-field of Clamorganshire, broadening out widely towards 
the north; this is traversed by three anticlines running soutli-west and 
uoi*th-east, which bend round towards the south-west into other anticlines 
with an east and west strike. The anticlines running north-east and 
south-west were interpreted (II, p. 85) as representing a bend into the 
Caledonian direction ; but it would now seem that they are the beginning 
of a sigmoidal advance of tlie Armorican trend- lines. 

Ibwards the east the groat coal-l»asin is followed by an anticline 
striking to the nortli-east, which brings up tlio Silurian at Usk from 
under the Old Red sandstone. Tliis anticline separates the coal-field of 
Glamorganshire from a long syncline of Carbon if limestone striking 

to the north-east, which includes towai’ds the north the coal -basin of the 
Forest of Dean, In the bed of the Severn itself* lies another coal-field, and 
beyond it, on the east side of the river, extends the longest of the Annorican 
branches. Much lies concealed from view beneath the Bunter sandstone; 
nevertheless, it is evident that the Bristol coal-field, stretching to the north- 
north-eiLst, is enclosed at its uortheni extremity between two anticlines 
which meet in a fork at an acute angle, and these, conjoined from Tortwortli 
onwards, continue further towards the north. A little cliff of ui)per 
Silurian on the south bank of the Severn marks the place where they cross 
the river. Then, yet further north, they crop out again in May hill, and, 
separating from each other, form a fork open to thti north. The western 
branch runs to the north-west and forms, north of the coal-field of the 
Forest of Dean, the elongated pear-shaped anticline of Woolhope; while 
the other brancli maintains a direct course to the north. After some 
interruption it forms the inf;ridional range of the Malvern and Ahherley 
hills, and here at last, south-west of Kid<lerminst(.*r, about 70 kilometers 
north of the end of the Bristol coal-field, and aijout 100 or 110 kilometers 
north ol the foot ot the Meiidips, it disappears from view with a bend to 
the east-north-east. A meridional fault, wdiich cuts off all the older rocks 
from the Permian and Bunter sandstone, borders its east side t 

The significance of the Malverns was first made clear by the admirable 
work of Groom On the east side they present throughout their length 

1 J. Phillips, The M|Llvern Hills, compared with the Palaeozoic Districts of Abberley, 
&c., Mem. Geol. Surv., 1848, 11, Part I, maps. The advance of the Malvorns is seen very 
dearly on Strahan’s sketch-map in Rep. Brit. Ahsoc., Cambridge, 1904. 

® T. T. Groom, 'fhe geological structure of the Soutli Malverns and of the adjacent 
district to the west, Quart. Journ. Geol. 8oc., 1899, LV, pp. 129-1()9, and On the geological 



THE MALVEEN HILLS 


51 


CH. il] 

from south to north a narrow Archaean banJj, which is overfolded toivards 
the 'tvest on to Camhdan ami Silurian beds. Furthc^r north the Archaean 
nx^ks disappear. In the little horst of Hartley, Archaean rocks still rest 
upon the Cambrian. The structure of the northern part of the Abberley 
hills is shown in fig. 8. On the east we see the fault next the Bunter 
sandstow, then to the west the Silurian folds beginning to l)end round to 
the east-north-east ; next, the Old Red folded with the Silurian ; and last, 
in a S 3 mcline of the Old Red, the south end of the Forest of Wjrre coal-field. 
On Woodburj^ hill the folded Silurian is overlain iinconformably by a flat- 
bedded patch of Permian and some upper Carboniferous ; a proof that this 
j'ange forms part, of the Armoricari system. 

W. G. Clarke has shown that at the bottom of the Forest of AVyre basin, 
MS well as in some adjacent coal -field, s, the folds of the middle Coal-measures 
are cut ofl* by a plain of denudation upon which the upper Coal-measures 
rest Tinconformabl^'^ b This plain, the so-called Synion fault, may well 
represent an extension of the Armorican unconformity. 

We must leave it to oVjservers better acquainted with the district to 
judge \yhcther tins advance of the outm" border of the Armorican system 
li.'is nifected tlie subterranean strike of the Coal-measures, which have been 
!‘ev<?ale<] by borings near Boulogne and tlie region between Dover and 
(Canterbury. 

Among posthumously-folded regions we have mentioned, as of especial 
importance, the Wea-ld and tlie broken anticline of the Pays de Bray 
(II, p. 95). I'hose led us to conclude that within the boundary of tlui 
subsidence younger folding liad occurred in the ancient Armorican 
direction. 

In the south <3f England the <Hrection of those younger folds is almost 
<iast and west. Strahans observations are, briefly, as follows : three 
iTiiportant synclines (!x)ndon, Chichester, Solent) and three anticlines 
(Guildford, Portsdown, Isle of Wight) are present, arranged in coulisses; 
the anticlines are always steeper hwards the north ; from the Isle of 
Wight onwards they proceed as two lines of disturbance, of which the first 
eutvs tlirough the peninsula of Purbcck, and the second runs only a little 
more to the north, south of Dorcliester, almost to the east coast, near 
Byrne Regis. Tliese <listurbauces maj^ attain considerable intensity. 
Strahan cites an instance in which a less resistant series, normally 

structure of portions of the Malvern and Abberley Hills, op. cit., 1900, LVl, pp. 138-197, 
An overthrow observed further north, in the Isle of Man, only itlfecis the volcanic 
rocks of the Carboniferous, F. W. Jjurnpliigh. tom. cit., pp. lb 25. 

* AV. J. Clarke, 3'he Uncoufonnity in the Coal-Measures of thc^hropshire Coal-Fields, 
Quart. Journ.Geol. Soc., 1001, lAHI, pp. 80-95; fortheim)rc northfrly regions, W, Gibson, 
tom. cit., p. 251 et seq. It is quite possible that tlu? great disturbance of Orlau may be 
explained in the same way as the Syinon Fault ; the detailetl investigation R. Michael, 
^onatsber. deutsch. geol. Gea., 1907, no. 2, supports this view'. 
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1,100 feet thick, is compressed iu 
a vertical direction to 270 feet. 
A black flint nodule in the chalk 
hfis becin crushed to powder and 
drawn out into a blt^ck streak like 
coal-dust b ^ 

It is more difficult to follow the 
trend-lines in France, where they arc, 
to all appearance, more nunieroUvS, but 
in part, at least, less clearly marked. 
In a sketch given by Dollfus, a very 
general direction to the south-east is 
seen to predominate in the western 
half of the Paris basin. This is also 
the Armoricau direction In the 

‘ A. Strahan, On Overthrusis of Tertiary 
Date in Dorset, Quart., I ourn. Geol. Soc., 1895, 
Lf, pp. ,549 -562, lua]) ; The (neology of the 
Isle of Purbeck and VVey mouth, Mem. Geol. 
8urv. England aa«l Wales, 1898, 278pp., 
maps ; Guide to the geological model of 
the Isle of Purbcck, 8vo, 1001). A more 
comprehensive survey of the post-Carboni- 
ferou.s disturbauces was given by Strahan in 
his presidential address to Section C of the 
British As-sociation, 1904 (Hep. Brit. Ass. 
1904, pp, 532 541, pi.). From thih very in- 
structive description it aj>pcars that a number 
of long fractures w'ith a more or less Calc' 
donian strike were formed in the west of Eng- 
land before the deposition of the Trias and 
Permian. If the comparison is to be carried 
further, upturning, and i.solated anticlines — 
secondary phenomena accompanying faults 
— must be more clearly distinguished from 
folded systems; the question arises, for in- 
stance, wlietlier the Lake District is a horst. 

* G. F. Dollfus, Relations entre la structure 
geologiqm? du Bassin de Paris et son hydro- 
graphie, Ann. de Geogr., 1900, iX, pp. 313- 
339 and 413 433, mai), and Bull. serv. Carte 
geol. France (1904), 1905, XV, pp. 3-5#, map, 
and (1905), 1906, XV 1, pp. 31-35, map ; also 

Flo. 7. Malvern hiiU (after Phillips), 
r " Archae;i.n ; .Sj, .Sj Cainl/riau and 8ilu- 
riun ; OR - Old Red sandstone; r6,ssiCarboni' 
forou.s limestone ; ™ coal -hearing Carboni- 

fi^rou.s ; Pj Tr Permian and Bunter sandstone. 



ThE ABBERLEY HILLS 


53 


CM. nj 


south these folds are cut through by meridional faults, which proceed from 
the Central Plateau. Leinoine and Rouyer thought they could recognize 
in the south a deflexion of the lines in. the direction of the syntaxis 
towards the Variscan trend h 

Many years ago some eminent observers, and among them Godwin 


Austen, h^dd the opinion that the 
folding is repeated always and 
everywhere along the same 
lines. Tlie first observations 
made by Mai'cel Bertrand on 
Ih ose younger folds, in the west 
of the Paris basin, referred to 
a region in wliieli their tnmd is 
no doul)t fairly parallel to the 
Arinorican strike presented by 
the horsts. He concluded, in 
accordance witli Godwin Austen s 
views, that there was continuity 
of folding, i. e. he believed tliat 
the foMiiig of the horsts them- 
selves liad lieen renewed From 
the horsts, howe*ver, proceed 
fractures— not folds. This is 
si 1 own most clearly by the 
charigxffi direction of tlie folds 
in England. 

The posthumous folds of the 
Lon<lon and l^iris basin stand in 
tlie same relation to tl\e horsts 
surrounding tliem as the Alps to 
theii* frame. They are a mrular 
hut num open striLcture ou a 
i^muller seale. 



Fto. 8. Ahlci-h'if hiUs (after Groom), 

Si-r Wonlock and Ludlow shales with bands 
of Aymostry limestone ; OR Old Rod sandstone ; 
Ca Carboniferous ; p ^^IIaffield breccia, Permian ; 
Tr Bimter sandstone. 


Here we may learn much that is instructive in its bearing on the Alps. 
Tlie eastern, V\‘iriscan liorder of tlie Paris liasiii shows that the Ilhine 
mountains have been let down by strike faults into tw’'o gulfs whicli open 


Bull. Soc. geol. de Fr., 4® ser.. Ill, ])p, 7-18 ; for the Pays de Bra;^ the detailed monograph 
hy A. de Lapparent, in the Mdmoire pour eevvir a Pexplication de la carte geologique, 
4to, 1879. 

' P. Lemoine et 0. Rouyer, Sui* I’aUurc des plis et dcs failles dans la Basse Bourgogne, 
Bull. Soc. geol. de Fr., 1905, ser., IV, pp. 561-568, map. 

^ M. Beiirand, Sur la continuitt) du phenomone de plissement dans le Bassin de Paris, 
Bull. Soc. geoi. de Fr., 1892, ser., XX, pp. 118-165, maps ; also Lignes directrices de la 
Ooologie do la France, C. R., Jan. 29, 1894, map. 
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Fio. 9. The /raciurea ji/ Ijorra’m and Luxcmhmytj (nffer L. van Wcrvok^). 
Trias vnd ,/wrar^ Trias and Juras^^ic ; ^^Ferinian ; Carbon, ^ Carboniforous. 
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towards Luxembourg and Metz. These faults belong to the Variscan* 
system, and run faii*ly parallel to the fractures of the Saar. The surveys 
of Im van Werveke (fig. 9) also show that by this process the two gulfs 
hecarne troughs, separated by an elongated horst, which still remains 
visible as far as Sierck on the MoseH. The resemblance of thivS long horst 
to tlie hirsts of Lissac and Terrason shown in fig, 4, and to those of 
Alen 9 on and Arg(mtan in fig. 5, is unmistakable. The little bit of granite 
and Silurian south-west of Alen 9 on (massif d’Hesloup) possesses a truly 
complicated structure, not at all suggestive of the axis of an independent 
anticline 

If now we picture to ourselves this posthumous folding as growing 
stronger towards the nortli, a direction so clearly expressed in the south 
of England, incorporating in its progress smaller horsts with itself and 
lising against tlie obstacle presented by the Malverns and their downthrown 
continuation to the north-east- then we have, in this incomplete range of 
great mountains, a scene from the development of tlie Alps themselves. 

Tmamtlautk Altaides. From the southern shore of lake Maggiore to 
the outer Ijordcr of the Jura mountains, soutli of Basel, the distance is 
JilO to 220 kilometers. If we exclude tlie Jura mountains and tlie basin 
of the Molasse, then tlui breadth from Como to the anticline of the Molasse 
near Lucorru; amounts to 190 to 200 kilometers ; from Bei-gamo to Brtjgenz 
is al)out 200 kilometers: and this includes a strip of the Dinaric system. 

A line drawn straiglit across the Armorican arc in the meridian of 
S'" 30' W. from tin* glaucophane rocks of the He de Groix to the overthvust 
southern bf>rder (J’ tlie Glainorganshire coal-liasin, west of Citrdift* measures 
430 to 44i) kilometers - that is, twice as much as the breadth we have just 
found for tlie Alps. Yet along this line the southern border of tlie Arniori- 
can system is nowhere known. The bend of the strike in the syritaxis at 
Valoneieuruis is separated from the corresponding bend in the syntactic 
lines south of the Cantal by a distance of scarcely less than 600 kilometers. 

For the Variscan system the figures would doubtless be eiiually high, 
but owing to its more complete resolution into horsts an exact estimate is 
hardly possible. 

A straiglit line starting from the outer border of the Siwaliks, south- 
<*a.st of Jumno, and drawn across the Tertiary foot-hills, tlirough thi> con- 
tinuation of the Dhauladhar and still on tlirough Zanskar and the chains of 
Ladakh, close to tlie pass of Kanikoiaim, as far as Sliahidiila, measures 

‘ li. van Wei'V(j]jo, Uoberriuthtskarte der Verwerfungen des inesozoischen Gebirges in 
botliringen, Luxemburg, u.s.w., in Schumacher, Steinmann, and W»?rveke, Erliiuterung 
zur gcologisclien UebeiBichtskarte den Wcst-Deutsch-Lotliringen, 18vS7, PI. II; op. cit., 
|>. 10: ‘The Trias and Jurassic . . . are let down around the ancient mountains,’ 

* Ochlert et Bigot, Note sur le massif siluneu dVHesloup, Bull. Soc. geol. de Fr., 1808. 
ser., XXVI, pp. 82 -103, map. 
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alioufc 500 kilometers, and thence across the Yarkand arc to the edge of the 
desert is about 100 kilometers more. 

These figures show us how prone the eye is to underestimate the magni- 
tudes of the past. They also show us that that part of the Armorican liase 
which remains visible at the present day would afford room for one of the 
greatest folded systems of the globe. If we assume tln^t the d’ias coast 
between Dingle bay and La Rochelle is the natural termination of this 
mighty structure, we do so in opposition to all observations made in other 
parts of the world. We must look for its termination beneath the Atlantic 
Ocean and on the opposite shore. 

Our eyes naturally turn to the rias coast of Newfoundland and Nova 
Scotia. 

As early as 1871, J. W. Dawson concluded, on the evidence afforded l»y 
the flora of the Carboniferous perio<l, that a connexion extended across tlu^ 
Atlantic The structure of tlie mouiihiins tells the same tale. 

In Newfoundland tlie anticliiie.s strike to the north -north-east and 
north-east : we have already seen that in Nova Scotia the easterly direction 
becomes manifest towards the ocean and that the Coal-moasur(\s rest in 
transgression on an older folded system (I, p. 554). It was Marcel ]^>ertrand 
who, w'ith bold hand, traced tlie connecting trend-lines across the ocean. 
He laid his r(‘sults before the French Geological Scxjiety on March 21, 1887, 
and an important step was thus taken towards a knowledge of tlie plan of 
the northern hemisphere 

On the Charente, the freshwater dejiosits of the Weald reach thii 
Atlantic ooasf?, and here we must look for the continuation of the con- 
tinent. 

An indication is aflbrded in the nortli by the Porcupine bank. It rises 
to a height oi — 154 meters ; its isobaths extend far to the south-south- west : 
judging from the nature of the sea-bottom, it shouh.l consist of similar 
rocks to those ot the ad jacfuit mainland Towards tlie south, depths of 
4,000 meters liave been sounded, but in about the latitude of the Englisli 
Channel the 20() meters lin(i lies in about long. 11' W. From this point it 
turns rapidly to the south-east and runs back to the great depths of the 
bay of Biscay. 

This advance of the isobaths, wliich corr(\sponds with the lie of the 
Scilly isles, the islands off Ouessant,and, further out to sea, Cockburn bank, 

^ J. W, Dawson, The Fossil Plants of the Devonian anil upper Silurian Formations of 
Canada, Geol. Surv. Can., 8vc, 1871, 02 ]ip., and Part II, 1882, 47 pp. ; in particular I, 

p. 82. 

Marcel Bertrand, La chaine des Alpes ot la formation du continent euro peon, Bull. Soc. 
geoj. de Fr., 1877, ser., XV, pp. 428 447 ; in particular map on p. 442. 

® 0. A . .1. Cole and T. Crook, On Rock Specimens dredged from the Floor of the Atlantic 
off the Coasts of Ireland ; Report on the Sea and Inland Fisheries of Ireland (for 1901) 
1908, IX, Part II, App., 9 pp. 
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Parson's bank, itc., is tlie only indication — and tliat but sliglit — afforded by 
soundings on this side of the Atlantic of a continuation of the continent. 
Fiii-ther out in the ocean, depths occur of over 4,000 meters. 

Gwyn Jeffreys states that wlien laying cables in mid -ocean a rocky ridge 
was encountered between long. 33'' 50' and 36'" 30' W. in about lat. pT 20' N. 
Its lengUi is about 160 kilometers, and its highest point lies at a level of 
— 2,502 meters ; thence tlie Vjottom sinks along the line of sounding, at first 
vc'ry rapidly (about 420 meters in a distance of 800 meters), then more 
gently, so that at a distance of 12-8 kilometers it lies at a level of -4,078 
rneterKS — that is, about 1,576 meters below the higlnrst point. This ridge 
lies on the hypotlietical trend-line of Marcel Bertrand b 

AlK)ut 880 kilometers off the coast of Newfoundland lie the I^aura 
Ethel hank (—65 meters) and the Milne bank ( — 147 meters) : at a distance 
only 380 -400 kilometers from the coast lie the Newfoundland banks 
witliin the isobath of —100 meters, and then we reach one of the most 
cliaracteristic rias coasts on the globe. 

ikdie Isle strait cannot rightly be regarded as the boundary l)etween the 
(Canadian shield and the fold<‘d mountains. The outer narrower part of this 
strait is a fault-trough, in whicli flat-lying Cambrian beds are let down ’-. 
Tlie broad range of hills, wbicli forms the north-west coast of Newfoundland 
IVom the lauglibourliood of the Bay of Islands (not far from lat. 49'* N.) to 
ilie nortliern extremity of the north-west coast, is a fragment of the 
Canadian sliield. and tlieri'fore cannot be included in tlie rias coast. The 
w(^st coast of White liay, along with the northern tmd most important part 
of Ixing TJange, is formed (d‘ gneiss. Yet. even after excluding this range 
of gneiss, the foMoil mountains of Newfoundland, measured across their 
strike, attain a l>rea<lth of more than 380 kilometers. But the other folds 
ot tli(‘ mountain chain, of which Newfoundland is a ])art, arc cut off by the 
oc(^an along so olilicpie a line, and the ilisturlianccs wliich this chain under- 
goes in its further course are of so peculiar a character, that it is impossible 
to estimate the true breadth of the entire structure (II, p. 36). 

Ite/dtiotiS I'ff the pre-Car'horiifero'Ufi period. Dawson has repeatedly 
pointed out that the Acadian series mon* closely resembles that of Europe 
than of many parts of America, and Walcott has descrilied the Cambrian 
series of the Atlantic region of North America as a. part of the European 
series. Ami has laid emphasis on the. correspondence between the lower 
Silurian of Acadia and tluit of Britain b 

' J. (i. JoflVf^ys, Nature, Feb. 8 , 1881, p. 325. The nature of the rock is not known. 
This is expressly siatod by nyatt in Froc. Boston Soe. Nat. Hist., 1888, XXIIT, 
pp. 315- 31^k 

Walcott, Bull. U. 8 . lleol. 8 nrv., 1891, no. 81, p. 370. IT. M. Ami, 83 ’nopsis of the 
(tpology of Canada, Proc. and Tnins. Roy. Soc. Canada, 1900, 2 nd ser,, VT, p. 200 , points 
out in particular the resemblance between the Skiddaw and Arenig stage, and the Hart- 



58 ARMORICA AND THE AMERICAN ALTAIDES [party 

Salter long ago recognized the fauna of the Tilestones in Nova Scotia, 
and Williams cites traces of the same fauna in the Chapman sandstone on 
the Aroostook river (most easterly part of tlie Maine). This sandstone may 
also include a higher horizon, at least J. M. Clarke observes that in this 
same district species of the Rhenish Devonian have wandered into tlie 
Cliapman sandstone. All these cases bear witness to relatif^ns with 
Europe b 

111 Gaspe tlie series is continued by thick sandstone with Devonian 
plants. It belongs to a very extensive North Atlantic continent (II, p. 220), 
which probably existed, with changing contours, during the whole of the 
Devonian period. The nmuiins of tins continent, consisting for the most 
part of sandstone, are to be seen in Galicia, on tlie coasts of the Baltic, in 
Scotland, and fiirtlier away in noi'tbcni Russia, in the Orkneys, Slietlands, 
Bear island, Spitzbergen, east Greenland, Ellesmere island, and tlien in 
Acadia and tlie nortli-east of the United States. These sandstones, however, 
indicate a part only of its extent. Ai’chaean hill-ranges of considerable 
importance must have tjxistesl to give rise to the saml. It may liave 
included the greater pai*t of northern Laurentia, the region of tin* ( 'alodonian 
disturbance. an<i the Baltic buckler. The continent was a desert land, 
diversified with stretches of inland water, many of them fresh, an<l con- 
sequently possessing •an outflow, while others were salt. 

Geikie long ago attempted to deline the boundaries of the Devonian 
lakes of Gnait Britain aiul to picture the physical conditions of the area as 
it existed in Devonian times. Nathorst lias shown that AirhaeoitierlH 
archetypuis occurs on the Donetz and also far to the north in Ellesmere 
island, and similarly Jhthriodrndr<tu KUtorlcent<e is found in Ireland on 
the one hand, and Bear island on tlie other Plants and fislies were carried 
out into the Devonian seas ; Dinlrthys pudulom}^, iJipterm fl.ahdliforrius, 
and other sjiecies occur, according to Lohest, in tlnj upper psammites of 
Condroz, Belgium, and in the upper Devonian of America; in both cases 
associated with t^pirifrr didjuiu:tu.s '^\ 

J. W. Dawson, with great insight, arrived at tnie conclusions in 1871, 
when only a small number of facts was known. The centre of origin of 

full and Llanileilo bedn of the lower Silurian of liritaiii, on the one hand, and Acadian 
})ed.s on the other. 

' H. 8. Williams, The Palaeozoic Faunas of Maine, Hull. U.8. Geol. Surv., 1900, no. 165, 
pp. 21 92, in particular p. 80 et seq. : J. M. Clarke, Evidences of a Coblenzian invasion 
in the Devonian of East America, Fest^^chrift fur von Koenen, 8vo, Stuttgart, 1907, 
pp. ^>59- 368. 

® A. G. Nathoi'st, Ziir Fossil-Flora der I'ohirlandev : i, 3, Zur Ober Dcvon-Flora der Harcn- 
Insei, 4to, Svo^iisk. Vet. Akad. HandL, 1902, XXXVI, no. 3, 60 pp., and Die Ober-Devoii- 
Flora des Kllesmere-Landea, in Report of the 2nd Norwegian Arctic Expedition, no. 1, 8vo, 
Knstiania, 1904, 22 pp. 

= behest, Ann. Soc. geol. Bclg., 1888-1889, XVI, p. Ivii. 
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the older sediments of the Appalachians must liavc Iain somewhere to the 
north-east. In the Carboniferous epoch tliis centre furnished connecting 
links in the Atlantic region between the floras of Europe and America. 
In tlie Devonian such connecting links could only have existecl far to the 
north-east. The most ancient flora of America must tluis be sought in 
Newfourriland, Labrador, and (Ireenland, and that of Europe on the margin 
oC the ancient Scandinavian nucleus. That the Appalachians may have 
formed the connexion with Europe, at least within the Devonian epoch, 
was, as observed above, already suggested" by Dawson^. 

The flora just mentioned was tenned by Dawson the Erian flora, and 
Una corresponding deposits the Erian group, since they also occur on lake 
Erie, where they had been distinguished as the Erie division. T*) the great 
Devonian continent we will giv(^ the name of Eria. 

The upper <livision of the Erian flora coincides with Heer's Ursa-llora, 
from which, as Xatliorst has shown, the Culm flora of Spitzbergen must 
be separated as distinct^. 

In the north-eastern part of the United States we Iiave to consider, 
besides the continent of Eria, tliree seas, each of wliich played an important 
part in tlie period preceding the (Carboniferous; these were : the Eurasiatic- 
Anjtic on the north-west, th(^ Atlantic on the east, and tlie Mississippi 
sea on the south, 

'riie first may be recognized l>y the middle Devonian transgression 
which (!XtendH from Asia past Manitoba, ami oven still furtlier to the 
south. Biirtini has l)een found by Stoliezka on the south 

side of tlie Thiaii-shan, and by McConnell in the llamparts of the lower 
Mackenzie \ The ancient Atlantic sea of the Caiidu'ian and Silurian 
epochs has already been mentioned. The presence of the third southern sea 
has given ris<! to very complicated, but, at the same time, very instructive, 
relations. Within the last few ye»ars a generfil surxey of these relations 
has been rendered possible V)y the publication of a number of special 
stratigraphical memoirs, such as those by Williams, Prosser, and Kindle^, 

' J. W. Duwson. The Forfsil Plants of the Devonian and upper Silurian Forniations of 
Canada, (leol. Surv. Can., Is71, 1)2 pp., I, p. 82. 

^ A. (J. Nathorst. Zur Fossil-Flora der Polarliinder, I, Zur palaeozoischen Fhira der 
arkiischen Zone, Svtmsk. Vet. Akad. Ilandl., 1894, XXVI. no. 4 ; in particular p. 74. Stur 
perceived that a Culm llora was present in Spitzbergen, Verh. (icol. Heichsaiist., 1877, 
p. 80. 

* J. F. Whiteaves, The Fossils of f he Devonian Rocks of the Mackenzie River Basin, 
Ceol. Surv., Canada; Contribution to Canadian Palaeontology, 1891, HI, pp. 197 253 ; 
in particular, p. 235. 

H. S. Williams, The Correlation of geological Faunas, a Contribution t-o Devonian 
Palaeontology, Bull. 17. S. Cleol. Surv., 1903, no. 210, 147 pp. ; also C. S. Prosser, The 
Upper Hamilton and Portage Stages of Central and East New York, Am. Journ. Sci., 
1893, XLVl, pp. 212-230; K. Kindle, The Devonian Fossils and Stratigraphy of Indiana. 
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and by attempts at synthesis by Ulrich and Schuchert, and later by Schuchert 
alone b 

In tracing the transgression which stai'ts from tlio Mackenzie we observed 
that the Mareelhis slate, Hamilton group, and Uenessee slate form the middle 
Devonian of the State of New Yoi*k. Tlie slates al)ove and l>elow the 
Hamilton group resemble each other so closely that Williams regards the 
Genessee as a repetition of tlie Mareelhis stage. Tlie Hamilton group 
contains a rich marine fauna, and towards its upper part a lied with 
special characters, the Tully limestone, containing BhynameUa ruboidc\% 
sets in (II, p, 231). 

It was an important step in advance when Williams showed that the 
European types (or Asiatic— in this case an etjuivalont term) are restricted 
to the Tully limestone, and tl/ai the Ihvnilton group rofftains a foreign 
fauna, which has since been named the Troindoleptui> carinaius fauna‘s. 

The succession is thus as follows: Slates (Marcellus) ; lieds with a 
foreign fauna (Hamilton, Tropidoleptus) : linu^stone with the European 
fauna (Tully limestone, Rkynetynellff ruho!.dei<): then again slates (Genessee). 
Al.»ove these follow l^eds witli faunulae which possess either il]-«Iefined 
characters or cliaracters varying in a peculiar manner, lait which 
are connected with Europe ly vicarious species at least; with these are 
also intermingled some species of the Tropidoleptus tauna, also trunks of 
trees which liave been floated in, and remains of gi'eat fishes (Productella 
fauna or Ithaca formation ; Cardiola fauna or Portage stage) ; they extend 
up to the liighest marine member of tlu^ American Devonian, the Spirifer 
disjuiirtus fauna (Chemung stage). This characteristic fossil is itself a 
typical European form, yet ev en in the midst of the Cheimmg stage Williams 
has obsei v^edau intercalation, like ac(>lony,of tht^ pure Tropidoleptus fauna. 

Then follows the Catskill stage, i.e. tlit^ Ei ian sandstotK^ witli terrestrial 
plants and fishes. 

There is thus an intej’<ligitation <»f two mai*ine Faunas, ami with 
this an interspersion in the ( -hemung stage? of littoral forms derived from 
the Lrian shore. The uppermost jiart of the marine Devonian as known 
in Europe does not seem to be J'ejiresented. Abo\it this tirm^ the Erian 
sand gained the supremacy. Freeh mentions a numlier of saml-loving 
bivalves from the middle Devonian of America, wliicli may lie rc^ganhid as 
vicarious with European forms; also five; species of Avicula (Leptodosma) 

2.5th Ana. Rep. of the DepaHmenl of the Gef)1ogy of India, 1000, pp. 529 758, and an 
abundant litemture besideB. 

‘ E. 0. Ulrich and T, Schucheii, Palaeozoic Seas and Barriers in East North America, 
Rep. N- York State Palaeontology, 1901, pp. 03.3-G63; Schuchert, On the Faunal 
Provinces of tht? Middle Devonian of America and the Devonian Coral-Sub-lhwinces of 
Russia, Am. Geob, 1903. XXXIl, pp. 137-102, maps et passim. 

” H. S. Williams, 'fhe Cuboides-Zone and its Fauna, Bull. Gcol. Soc. Am., 1889, 1, 
pp. 481 500. 
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which the Chemung stage possesses in comiiioii witii the Famenniaii of 
Belgium^. These may be traces of the littoral fauna. 

These observations lead to two suppositions. 

Tlie Old lied sandstone enters the anticlint^i of the Mendips (II, p. 87), 
and on the west coast of Ireland its saddles advance into the sea as tlie spurs 
of the ri%s coast between Dingle l)ay and Crook bay (11, p. 83). It does not 
extend fartlier south than these Armorican folds, but the Erian fishes and 
plants extend as far as Thuringia, Bolieinia, and the Donetz. A similar 
distribution is to be seen in America. The Erian sediments belong to the 
foreland, but tliey are also involved in some of the outer folds. This leacls 
us then to suspect, in the first place, that the iiortli border of the Altaides 
is continued beneath the ocean not very far from the southern l)order of 
the foreland of Eria, 

The second supposition admits of more definite proof ; it concerns tlie 
seas. The Eurasiatic-Arctic sea appears to liave extended southwards to 
Iowa and Missouri. The alien Tropidoleptus (Hamilton) fauna may be 
traeeil from the east of New Yoi'k State to Wi.sconsin, through many of tlie 
central States, and heyoml the Ozark mountains to the south. To the west, 
in Iowa, it is not known (with the exception of Fhacops rana). In many 
places a trail sgi^ession already begins with the subjacent Onondaga stage ; 
a similar transgression is also said to occur in Europe, "^riie Onondaga 
(Oriskany) fauna of tlie central States is also cited as the fauna of Lepto- 
vueUa {A noplotheca) flnbellites (A. Ulrich's Tela slates), and the Hamilton 
(Tropidoleptus) fauna is described as the fauna of Vitvllmi pmtvXom 
(which also occurs in the Hamilton stagi? of New York). Under these 
names both these stages arc mentioned as occurring at many places in South 
America, the former also in the Falkland islands and Cape Colony. The 
Tropidoleptus stage even readies the central Sahara. 

Th(:‘ Hamilton stage represents the course taken by this broad southern 
ocean in approaching the continent of Eria over north America, 

Hevles of strata in the Garhonifemus, A long line of Coal-ineasur<‘S, 
present in Cracow and lower Silesia, on tlie llulir, in Belgium, the south of 
England and south Wales, correspomls to the coal- fields of tlie Appalachians 
on the other side of the ocean (11, p. 233). In the liuropean region lower 
(.krboniferous limestone of marine origin, and marine intercalations of the 
Culm, occur at tlie liase of the Coal-measures ; and then over the wliole 
tract lietweeii the border of the Carpathians and England isolated marine 
intercalations occur within the Coal-measures of the Ostrau stage. These 
intercalations, at least in the region extending from lower Silesia to Belgium, 
assume characters winch become increasingly littoral as they ascend in the 
series; they have left their last trace in isolated bivalves, and it seems 

* F. Freeh, bethaea palaoozoica, I, 8vo, Stuttgart, 1901, p. 253; Williams, Bull. U. S. 
Gcol. Suvv., 1900, no. 165, p. 80. 
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probable that on the horizon of Schatzlar they have ceased to exist. Upper 
Carboniferous of marine origin is absent, not only in these coal-fields, but in 
all that part of the continent of Europe which liCvS to the nortli of them. 

It seems as though the advance of the Variscan and Armorican folds had 
driven l»ack the upper Carlx)niferous sea from Central Europe. The process 
recalls the way in wliich the Mediterranean sea was driven back^from the 
same region by the advance of the Alps, dust as mai-ine sediments of the 
third Mediterranean stage are absent north of the Alps, and wo must descend 
into tlie lower Klione valley in ordi^r to discover them, so the marine upper 
Carboniferous is absent north of the Yarisean and Armorican arcs, and to 
observe it we must go to Asturias, the Carnic mountains, or Russia. 

In North America the process finds still cleai*er expression. The marine 
limestone of the lower Carboniferous is \videly distributed even as far tvs 
New Brunswick and Newfoundland, but no marine intercalations occur 
between the Coal-measures with the exception of Iteds containing so-called 
Najadites in the north-east. They begin in west Virginiti tind Oliio, and 
upper Carboniferous of distinctly marine origin is not to In? seen till we 
proceed still further to tl\e west and south-west, into Iowa and Illinois, 
Kansas and Oklahoma, Arkanstis and Texas. 

J. P. Smith has drawn attention to the correspondence between the. upper 
Carboniferous fossils of Arkansas and those of Lo-ping, aral tleseribes tliOTn 
as indications of a ('arVoniferous Pacitic Ocean. Tlie watiu’s of this ocean 
are known to have extended over British Columbia, Alaska, Japan, south 
Ussuri, and far away into the interior of Asia. According to Tscheruyscliew 
it is represented by deposits on the north bord(U’ of tho Parry Archipelago, 
and as far as cape Fr'.ilden (lat. 82^ 44' N.) ; lienee we may conclude that 
marine unper Carlionib rous extends around Grecuiland to Spitzbergen and 
Bear island ^ 

In Europe it was only tlu* upper f Carboniferous sea W'hicli was <lri ven back 
by the folding, and Iti tlie Permian tlie poverty-strick(*n fauna of the Zech- 
stein already presents itself as the forerunner of tJie succecfling marine 
faunas; but in the north-eastern partof the irnlted Statesand theadjacent 
part of Canada all tfie region lying outsid(‘ tin* folds, that is, the land to 
the north-west and west, was completely sciparated from the sea during 
the long interval which elapsed between this period and the post-glacial 
transgression. Even tlio marine upper Cnitaceous n^aches only tlio inner 
side of the folds. 

Thus any further comparison with the formations of Europe must be 
based on the terrestrial floras. 

Th<; distribution of the Coal -bearing Carboniferous is not uniform. New- 

’ J. Perrin Smith, Marine Fossils from the Coal Measures of Arkansas, Proc. Am. Phil. 
Soc., 1897, XXXV, no. ir>2, 72 pp ; for the distribution in ]>arti(iuliir, 11. Yabe, A Contri- 
bution to the Cenus Fusulina, Journ. Coll. 8ci. Tokyo, 190(>, XXT, Art. 5, pp. 
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fonnclland, Nova Scotia, and New Brunswick may be regarded as forming 
tlie first of the coal-bearing regions, and in this the series is distinguished 
by th(j variety of its development. In the second region, whicli includes 
<;}aspe and Maine, and extends as far as Connecticut, it is but very poorly 
represented. The richest and most extensive Coal-measures occur on the 
west side/>f the Appalachians lietween Pennsylvania and Alabama, and even 
on the other side of the Mississippi, extending to Arkansas and beyond. 
Another region, closely connected with the preceding, comprises the rich 
coal-bearing series, of no gr(^at thickness, which extcnrls to the west in hori- 
zontal beds unconforrnably superposc^d upon the Laurentian fon^land — that 
is, over parts of Michigan, Illinois, Iowa, and Missouri. 

The detailed work of the Geological Surv(^y of Pennsylvania, the strati- 
graphical descriptions of J. fl. Stevenson, and the phyto-pal aeontological 
studies of David White ai'e our most important sources of information on 
this systtan. Generally speaking, the upper Carboniferous sediments are 
thicker in t lie neigh bourliood of the Appalachians, and thin out towards the 
west, -lint since tlieii* decrease in thickness is not uniform, and the lower 
members of tlie several stages thin out more rapidly than the upper, it 
happ(?ns that in diflerent districts ditlcrcnt horizons form the. base, and the 
term ‘ lower Coabmeasures ’ l>econies indefinite and often misleading. 

But it is not only towards tlie west tliat the lower inemV)ers thin out. 
A map gi^’e^l by D. White shows that in front of thti Appalacliians a long 
(li‘pi‘essi()n was foriiKMl wliich attained its greatest depth in the soutli-oast 
of west Virginia, and there the thickest deposits were formed; while 
towards the north-east, in south-west and central Pennsylvania, there was 
a ridge al)OV(^ which several of tlie lower members are al)seMth In the 
following surN'Cv, therefore, we shall give prefm’eiiee to the neutral nonien- 
clature afforded hy local terms. 

1. The Pocoao Stevenson has <lescrihod the conditions which 

inimediiitely jireceded the (Jarhoiiiferous in Pennsylvania and Virginia — the 
great tliiekness of the Eriaii sands in the north-east, their rapiil thinning 
oni tow'ards the south-west, the retreat of marine life before tliem, and the 
nric(|ual surface which they left behind — and under the ciiciimstances we 
may readily understand how difficult it is to classify the .sediments which 
liave been produced by tlio working up or rearrangement of these sands'-^. 

At the same time we are reminded of the mas.ses of sand which arc 
driven hy storms at the present day out of the Sahara into the Atlantic 
Dcean. 


^ 1). White, Deposition of the Appalachian Pottsville, hull. Geol. Am., 1004, XV, 
pp. 2(»7 282 ; in particular PI. TI. 

4. J. Stevenson, Lower Carboniferous of tlie Appalachian Hasin, Bull. (leol. Soc. Am., 
10(,i.i, XIV, pp. 15-90, in particular pp. 42 and 80; (.■arhouitcrous of the Appalachian 
liiisin, op. cit., 1900, XVII, p)>. 05-228. 
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Above the lowei* beds we can distinguisli an horizon which corresponds 
with the European Culm. In Xew^foundland it is a coarse conglomerate, 
and in Nova Scotia it forms Dawson’s Horton t^erlesy which is correlated by 
this observer with tlie Tuidian of the north of England. It contains a 
flora with species characteristic of the Culm, such as Cydopteria {Aneimltes) 
Actulica^. Indications of this horizon are not absent elsewjjiere; in 
Worcester (Massachusetts) Lepidodendrou acumiiiaturn, Gopp. of the 
Silcvsian Culm has been met with in a bed of graphite in the mica- 
schist^. In Virginia and west Virginia tlie plants which Fontaine 
mentions as occurring in tlie Vespertine series must also be assigned to 
the Culm 

2. The Maxich Chunk (jivap. This corresponds with the Carboniferous 
limestone (II, p. 233) : it forms an easily recognizable marine memlier wdiich 
may be traced fiom Newfoundland to the end of the Appalachians, and it 
is absent only in Pennsylvania and parts of Virginia. 

3. IVce PottsvUle group (Millstone grit) in some places lies uncoiiform- 
ably upon the Carboniferous limestone. Near Pottsville, Pennsylvania, 
where there is no such unconformity, D. White mentions plants, such as 
Aneimitos and others, wdiich probably belong to iho Culm, as occurring 
near the upper limit of tlie Mauch Chunk group. The lower Pottsville 
measures (lower Lykens in Pennsylvania) contain the flora of Ostrau, while 
in the upper Lykens the species representative of the flora of Schatzlar 
(lower Westphalian ‘Stage) make their appearance. To tliis upper group 
must be assigned the flora of 8t. John, in New Brunswick, which Dawson 
at one time regarded as Erian. The Millstone grit of Canada must also be 
assigned to this horizon It may be traced to Alabama'*. 

4. The Alleghany yro^ap (lower Coal-measures, Rogers). In the west, 
for example in Missouri and Iowa, this important stage lies in transgression 
upon denuded Carboniferous limestone or still older rocks. Its flora appears 
in the Northern anthracite region (Coal-measures, C and D), the bituminous 
district of Pennsylvania (Cannelton), Virginia (parts of the Kanawha 
measures), and tlien further west in Illinois (3Iazon Creek), Missouri (Henry 


' J. W. Dawson, Fossil Plants, Jl, p. 128; H. Fiotchor, Geological Nomenolaiuro in 
Nova Scotia, Proc. and Trans. N. 8. Inst. Sci., Halifax, 11)00, X, i>p. 2:15 244. The terni 
* Culm ' ZH employed below in h» usual .sense ; the question whether the typical Culm of 
England really possesses so great aji age has not been considered here ; a reference may 
suttice to K. A, Newell Arber, 'Ihe Fossil Flora of the Culm-Measures of North-west Devon, 
Proc, Roy. 8oc., 1904, LXXIV, pp. 9b 99. 

J. Perry, Am. Journ. Sci., lb'85, 3rd ser., XXJX, p. 157. 

" W. M. Fontaine, Nott;s on the Vespertine Strata of Virginia and \Ve.Ht Virginia, Aw. 
Journ. hs77, 3rd ser., XITf, pp. 37-48 and 115 123. 

* D. White, 'fhe stratigraiihical succession of the fossil Floras of the Pottsville Forma- 
tion in the South Anthracite Coalfield, Pennsylvania, tl. S, Geol. Siirv. Ann. Rep., 1900, 
XX, 2, pp. 740 918 ; in particular p. 911 et seq. 
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County)^, Kansas (Lansing Coal-measures)®, and the Indian Territories 
(Grady coal)'\ It corresponds to the Schatzlar (Westphalian) flora of 
Europe, and it would appear, indeed, that it can even be correlated with the 
several subdivisions of this flora. Thus D. White has shown the corre- 
spondence in Henry County with Zeiller’s middle and upper Westphalian, 
ill particular with the zone de Bullygrenay of the Coal-measures of 
Valenciennes, while the coal of the northern anthracite region, would 
se( 3 rii to correspond to the horizon of Geistlautern, and G to the Ottweil 
beds. The Grady coal should be the equivalent of the lower part of the 
Scliatzlar series. We have every reason to share White’s astonishment at 
the uniformity which prevailed in the external conditions of life during 
this (jpocli on l)oth sides of the ocean. 

5. The Go)i(inum(jh group (lower barren measures) and 6, the Motion- 
(flidd (upper productive measures) represent the upper Carboniferous of 
Eun)i)e (Stefiinian stage, Ottweil beds). A bed of Crinoidal limestone in 
( 'oueuiaugh may be regarded as the last trace left by the advance of the sea 
from the soutli-west. This is the period in wliich the sea was constricted 
off. In the north-east the marine intercalations terminate with the close 
of tlie Mauch Cliuiik stfige; in the .south-west they persist, chiefly as Fusulina 
limestone rich in Brachiopods. The flora of the Mononghela stage is known 
in N(jva Scotia (Joggins) and also in Kansas (Le Roy .shales), and the Indian 
'r< ri itorie.s of the south (McAlester measures). 

7. The Iht nkanl group (upper barren measures) is Permian. The coarse 
n;d Ncav Ghisgow cimglomerate, which occurs in transgression in Nova 
Scotia, is a.s.sociate<l with thin coal-.seams, and continued along with red 
.Sfuidstone across Northumberland strait into the large and level Prince 
Kdwjn-d island ; it is described by Poole as Permian^. In Prince Edward 
island the sand.stone, whicli was formerly regarded as belonging to the 
Trias, has yielderl Ulmannia, Walchia, and other plants of the Rothliegonde. 
In tile tjqiical Dunkar<l l)eds, which occur in south-we.st Pennsylvania, 
cast Oliio, and parts of west Virginia, 1). Whitci observed among plants 
cojumon to Europe and America only those of the lower Rothliegende 


^ D. White, Fossil Floni of the Lower Coal Measures of Missouri, op. cit., Monograph 
XXXVII, 1899, 307 pp. ; in particular p. 298 et seq, 

“ C. J. Adams, G . li. Girty, and D. White, Stratigraphy and Palaeontology of the upper 
burboniforous Rocks of the Kansas Section, U. S. Geol. Surv. Bull., no. 211, 1903, 123 pp. ; 
in particular p. 110 ct seq. 

^ ‘‘ J. A. Tail*, D. White, and G. H, Girty ; Geology of the McAlester coal-field by Taff, 
on fossil Plants by D. White, Report on Palaeozoic invertebrates by Girty ; U. S. 
bool. Surv. Ann. Rep., XIX, 3, 1899, pp. 423-593 ; in particular p. 457 et seq. 

* M. S. Poole, The Pictou Coal Field, Proc. and Trans. N. S. Inst, Soi., Halifax, 1895, 
^ IH, pp. 228-24.3, map. As regards the age of the sediments on Prince Edward Island, 
Russell and Knowlton, U. S. Geol. Surv. Bull., no, 58, pp. 25-31. They were formerly 
‘relieved to be Trias. 

80LLA8 IV f]i 
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• 

(Kusel beds) Marine intercalations do not occur until we reach Texas. 
One of tlie most remarkable genera, Cope’s Naosaurus from the red Permian 
of Texas, was found by A. Fritsch, thoiigli represented by a much smaller 
fonn, in the Permian gas-coal of Bohemia^. Handlirsch has likewise 
shown that the insects of the (’iirbonifcrous from the lower Lykeiis to the 
uppermost limit of the system present a striking correspondence ^in huropc 
and America, both as regards their general course of e\ olution and the 
taxonomic characters of their several subdivisions 

The Appalaolnaiis as far as the Mi!<siiisippi. This great range reveals 
itself as part of the Altaides by its course and disposition ; by the rias coasts, 
which must form a junction somewdiere in tlie north-east ; by the tree 
ends in which it terminates in the south-west; by tlie contemporaneous 
discordance at the base of the Culm, and by the completion of its growth 
before the entrance of the Ottweil flora or the Permian. 

The range consists of several parts or coulisses. Towards the end of 
the peninsula of Ga.spd the strike bonds completely round out of the luirmal 
south-west into an east-south-oast diivction ; this has been demonstrated 
by borings for petroleum made in the Devonian The island of Anticosti 
belongs to the border of the Canadian shield. The same is true of the 
northern half of Long Kango in Newfoundland. In this way tlie gull of 
St. Lawrence is framed-in in a peculiar manner. 

On the east of Long Range, Newfoundland is formed of c!os(‘ly-erowded 
folds which include rocks extending from prc-( ’ambrian to Ceirbonilerous, 
often altered by pressure. The rias coasts in the north and soutli of the 
great island are the expression of this folding. 

The Carboniferous, here including the conglomerate of tlie Horton 
stage (Culni), the marine Carboniferons limestone with associated gypsum, 
the Millstone grit, and the coal-bearing scries, occurs in the south-west 
around St. George bay and Port-5.- Port bay. The plants which Dawson 
mentions as occurring at St. George bay are for the most part well-known 
European types belonging to the flora of Schatzlar {SphPMoijicvlH Hoerdnij- 
hausi, Fecopteris ahhreviata, Aletfiopterls Imvldiica and others) ^ Tlieso 


* D. White, Permian Elements in the Dunkard Flora, Bull. »Soc. Geol. Am., 1903, XIV, 
pp, 538—542. 

® E. D. Cope, Systcniatie Catalogue of Vertebrates found in the Beds of the Permian 
Epoch in North America, Trans. Am. Phil. Soc. (1886), 1800, XVI, pp. 285 297; in par- 
ticular p. 293; A. Fritsch, Fauna der Gaskohle uiul der Kalksteirie d(?r Perm formation 
Bohmens, 4to, Prague, 1895, III, p. 121, and 19ol, JV, p. 87. 

^ A. Handlirsch, Revision of Americin Palaeozoic Insects, Proc. U. S. Nat. Mus., 
Washington, 1906, XXIX, pp. 661-820. 

“ R. W. hillis, The Oil Fields of Oaspi^s Geol. Surv., Canada (1902-3j, 1906, XV, A, 
pp. 310-363, map. 

® J. W. Dawson, Carboniferous Fossils from Newfoundland, Bull. Geol. Soc. Am., 1891, 
il, pp. 529-540. 
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Carboniferous beds are continued into the interior towards the north- 
north-east along the east side of Long Range, and they certainly extend 
nearly to the northern edge end of the Grand Pond (lat. 49® N.). It may 
be inferred also from Murray's statements that traces of them may be 
recognized even much further still, in the same direction, up to Cap Rouge 
and Fox cfipe on the west coast of White bay (about lat. 51® N.) 

Thus it would seem that a band of coal-bearing Carboniferous lies in 
front of the boundary of the foreland; and,^if so, White bay would corre- * 
spond to the place wht?rc the Coal-measures of the Armorican belt might be 
expected to again emerge from the ocean. 

According to Danas view, which has been confirmed on many sides, 
the folds of Newfoundland proceed towards cape Breton This leads to 
tlie folloAving conception of the facts as a whole. 

The innermost range is probably represented in part by Sable island 
(long. 60® W., lat. 44® N.), which is sai<l to consist of lower Carboniferous. 

The first vi.sil)le fragment of a continuous coulisse is formed by the 
lower Palaeozoic sediments wliich strike obliquely across Nova Scotia from 
St. ]\Iary l>ay to Chedabucto Imy in the north-east. In the south the form 
of tlie rias coa.st is deceptive. It might lead us to assume a strike to the 
south, l)ut Bailey found that the folds strike away to the south-west and 
west-south-west. This misleading appearance is produced by intrusive 
granites, which cut tlirough tlie folds, and by transverse valleys resembling 
Ijords In the north, near Chedabucto bay, the strike turns more and 
Mfiore to the east-north-east (I, p. 554). Towards Fundy Iniy, beds contain- 
ing Dictyoiiema are immediately oveidain by the Horton series, which here 
already indicates the unconformablc transgression of the Culm, and this is 
followed by a belt of horizontally stratified Trias, along with a belt of 
Trias traj), which forms for a long distance the south-east sliore of Fundy 
bay. Furtlicr to tlie north, in cape Breton, wo see, on looking northwards 
—that is, towards Newfoundland — folds which diverge from one another; 
ami here, too, tlai first traces of Coal-measures make their appearance. The 
richest coal-field, that of Pictou, lies on the north-west side of Nova 

' A. Murray and J. P. Howley, Geological Survey of Newfoundland, Bvo, London, 1881, 
t>. 41 (as Devonian), pp. 67 and 309. 

* .1. I). Dana, Archaean Axes of East North-America*, Aiu. Jouni. Sci., 1890, XXXIX, 
ri*. 378-383. 

^ L. W. Bailey, Report on the Geology of South-west Nova Scotia, Ann. Rep. Gcol. Surv. 
Canada, IX, 1898, M, 151 pp., map. Something similar is to be seen in the Fox islands, 
Penobscot ba 5 % Maine ; they consist of an eruptive rock, the contour of which is indepen- 
dent of the folds striking to the south-west ; G. Otis Smith, The Geology of the Fox 
islands. Dissertation, 8vo, Skowhegan, Maine, 1896, map ; H. Fletcher, King’s and 
Hants Counties, Ann. Rep. (1901), 1902, XIV, A, p. 210 et seq. ; A. Keith, Geology 
of the Catoctin Belt (where the commencement of the virgation is particularly clear), 
Ann. Rep., XIV, 2, pp. 285-395, maps. 
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Scotia, where the constriction of the country begins. The Coal-measures 
are folded : they lie upon the Millstone grit, which belongs to the Pottsville 
stage. We may therefore assign them, like those of St. George bay 
(Newfoundland) and St. John (beyond Fundy bay), to the horizon of 
Schatzlar (upper Lykens). The synclines of Pictou seem, as a whole, to have 
been so severely denuded that, in place of a continuous banjl of Coal- 
measures, we find only isolated basins. On their north border, according to 
Fletcher, a dislocation brings the Coal-measures of Pictou into juxtaposition 
with coal-measures of the Rothliegende conglomerate, which rests uncon- 
formably on the Carboniferous. 

The constriction in the south of Northumberland strait, across which 
the l:)eds strike, is evidently of fundamental importance in a study of the 
structure of this region. It is here that we must look for the outer border 
of the folds of Nova Scotia ; and here, on the north-east side of Cliignecto 
bay (north-east Fundy bay), the great Joggins series, described by Dana, 
contains the flora of Ottweil, and lies flat — a very remarkable fact 

The bedding becomes flat therefore on the same horizon as in the Altaides. 

The land situated further towards the north-west presents, in fact, 
a totally different structure. The clearest general description has been 
given by Poole I 

The coast of New Brunswick, from the north coast of Chaleurs bay 
onwards, almost up to the eastern end of Northumberland strait, is formed 
of flat-lying beds only. In the north, lower Carboniferous rests uncon- 
formably upon the folds of Gaspe ; at the same time it extends in a broad 
angulated range through Fredericton into the interior, and again reaches 
the sea at the Verte hay, thus enclosing a basin-like area, the nortli side of 
w-hich forms the above-mentioned flat north coast of New Brunswick. 

The whole of this area is filled by a ‘ grey series ' of trifling thickness, 
containing a few insignificant coal-seams, and succeeded by the Rothliegende 
with Walchia and oth(?r plants. The Rothliegende is continued into Prince 
Edward island ; the sea is here very shallow, and the Island itself is only 
a fragment of the flat northern part of New Brunswick. It presents some 
gentle undulations with an east-north-east strike. 

In the south the grey series lies conformably on the Ottweil beds of the 
Joggins series; it represents a zone of transition between the Permian and 
Carboniferous. 

Gaspd and Maine belong to another mountain complex. New Bruns- 
wick represents to a certain extent the foreland of Newfoundland and 

^ H. Fletcher, Geol. Surv., Canada (188i?-lS84), 1885, H ; Geoloj^ of North Cape Breton, 
98 pp. For the Horton unconformity in Nova Scotia, op. cit. (1901), 1005, XIV, A, p. 214 ; 
for the Jogji^ins unconformity, tom. cit., A, p. 208 et passim. 

® H. S. Poole, Report on the Coal Prospects of New Brunswick, Geol. Surv., Canada 
(1900), 1903, XIV, MM, 17 pp., in particular p. 9 et seq. ; also Bailey, op. cit., M, 26 pp* 
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Nova Scotia. We may assume that near the outer border of the folds an 
interrupted band of folded Coal-measures of the Schatzlar stage strikes 
from St. George bay (Newfoundland) towards -Pictou (west Nova Scotia) 
and possibly towards St. John (New Brunswick). Culm (Horton series) 
and Carboniferous limestone lie unconformably in Newfoundland, Nova 
Scotia, arftl New Brunswick. This unconformity at the base of the Car- 
boniferous is the same as that of which we cited an example from the 
Thian-shan (p. 2) ; it is repeated in the Stidetes and in Brittany. Near 
Joggins the Coal-measures of the Ottweil stage lie undisturbed; the 
Rothliegende is only traversed by gentle anticlines. With the exception 
of these last trifling undulations, the mountain building is thus of pre- 
Permian age. This synchronism shenvs that the movements vjhich gave rise 
to the Altakies have been 2 jropagated across the Ocean, 

The independent position of the Gaspd-Connecticut fragment has 
already been mentioned. A great dislocation, the ' Lawrence Champlain- 
fault,' forms the boundary between this fragment and the Laurentian 
foreland. The advance of a part of the foreland, to which the Adirondacks 
belong, determines the deflexion of this boundary towards the south 

To all appearance fairly uniform anticline of lower Palaeozoic beds 
starts from Gaspd and runs fairly parallel to the boundary througli the 
Shickshock mountains The European character of some of the faunulae 
of north-east Maine has already been referred to; here, also, there is 
a prevalent north-easterly strike, yet at several places towards the middle 
of Maine isolated groups of volcanic rocks (andesite, rhyolite, and others) 
crop out The interior of this region is little known. 

As the lioundary between the folded mountains and the foreland enters 
the interior below Quebec, the folds bend more and more to the south. 
The compressed rocks run past the east side of lake Cliamplain, then turn 
from New York through Vermont and Massachusetts to Connecticut ; their 
course was traced by Walcott on a sketch-map in 1888 ^ The most violent 
damming back probably occurs on lake Champlain and a little south of it. 
Then the several coulisses turn more and more to the south-south-west and 
cross the Hudson obliquely. 

The ranges of gneiss, which run on both sides of Connecticut river with 
a north and south strike, form Dana's New Hampshire range ; they also 
form the Green mountains. For west Massachusetts, in particular, we 

* For the boundary see H. P. Cushing, Geology of the North Adirondack Region, New 
York State Museum, 1905, Bull., no. 95, pp. 271-453, maps. 

^ Ells, Geol. Surv., Canada, Ann. Rep. (1882-1884), 1885, F. p. 31 ; Low, tom. cit., 
pp. 16-20. 

^ H. S. Williams, see previous notes ; H. E, Gregory, Geology of the Aroostook volcanic 
area of Maine, ibid., pp. 93-188, map. 

^ C. D. Walcott, T^e Taconic System of Emmons, and the Use of the Name Taconic in 
geological Nomenclature, Am. .Toum. Sci., 1888, XXXV, pp. 229- 327, 394-401, map. 
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have a nutiiber of admirable descriptions of these long ranges, exemplary 
studies of chains highly altered by pressure. Emerson, in liis account of 
north-west Hampshire, describes the occurrence, in the midst of those com- 
pressed meridional ranges, of the trough of the Connecticut river, in which 
Trias beds have been let down to a ilepth of 1,600 meters^. 

The mountain waves, after they have surrounded the Adiroiitlacks and 
the projecting part of the forelaial, press forwards and at the same time 
diverge from one another, somewhat as they do in the Urals, south of the 
Ufa plateau (III, p. 365). Here also wt* may assume compulsory virgation. 

The deflexion is least apparent in tlu^ eastern ranges, among which wo 
must include the folds of tlie Piedmont platt^au. This plateau was formerlj^ 
regarderl as Archaean ; we may now assume that it was not folde<l until 
after the deposition of the Culm. Even in ^Massachusetts, plants of the 
Culm are said to occur, associated with graplnto, in mica-schist ; and to tluj 
south, in Alabama, E. Smith has met with Lepidostrolais in semi-crystalline 
grapliitic schists ^ 

The Piedmont plateau in ^larylaiul lias been described by Mathews, and 
in Pennsylvania by Bascom *1 A long range of gabhro runs within the 
plateau, from New York tlirough Delaware, Maryland, and south-east 
Pennsylvania to Virginia : it is very much ramifii*d, and forces its waj' 
from the gneiss into the lower Silurian. Wliere it has undei’gone pressure, 
green hornblende am.l, to a lesser extent, laotite take the place, of the 
pyroxene in this rock h 

The deflexion is most considerable in the outer folds. It is very clearly 
seen in the south-west of New York State ami as far as tlie anthracite 
coal-fields, of north-east !.*enns}dvania. It pr(.^duces many wonderful ovei^- 
thrusts, and th(3 ctJiupiilsory virgation gives rise to the liroad sigmoid 
flexure of the Pennsylvanian coal-fields ^ 

Bailey Willis has marie the structure of the main rangi! of the Appa- 
lachians the subject of studies, from which we d(‘rive the following '^- - 

* R. Piimpell}^ J. E. Wolff, iind T. Nelson Dal*?, Geology of th *3 Green Mountains, 
Mass., U. S. Geol. Surv. Monograpli, XXIlf, 1894; B. K. Kinerson, The Geology of East 
Berkshire City, Mass., oy>. cit., Bull., no. 159, 1899. For the region :i«ljoining this on the 
south, and a little further to the east: Geology of Old Hampshire City, Mass., op. cit., 
Monogr., XXIX, 1898, as well a.s the corresponding folios of the IT. S. Gcol. Surv. ; also 
W. H. Hobbs, On the geological Structure of the *Mt. Washington Mass of the Taconic 
Range, Journ. Geol., Chicago, 189)1, T,pp. 717- 736, and many other detailed descriptions. 

E. Smith, Science, 21 Aug., 1903, pp. 244-246. 

* E. B. Mathews, The structure of the Piedmont Plateau as shown in Maryland, Am. 

Journ. Bci., 1904, XVII, pp. 141-159 ; F. Bascom, Piedmont District of PennsylvanicV 
Bull. Geol. Soc. Am., 1905, XVI, pp. 289-338. ' 

" Bascom, Bull. Geol. Soc. Am.. 1905, XVI, p. 311 et seq. 

® e. g. N. F. Darton,Two overth rusts in New York, Bull, Geol. Soc. Am., 1893, IV, p. 438. 

* Bailey Willia, The Mechanics of the Appalachian Structure, U. S, Gcol. Surv. Ann. 
Rep., Xin, 2, 1893, pp. 211-281, maps. 
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The folds and thrust-planes extend here for a distance of more than 
720 kilometers; the several structural lines are remarkably parallel and 
very long ; one of them attains a length of 600 kilometers. The anticlines 
present a steep dip on tlie north-west side and a gentle dip on the south- 
east ; on tlieir north-west side thrust-planes occur. Although considerable 
displacements exist, yet no rocks of greater age than the Cambrian are 
exposed. The thickness of the sediments, and particularly of the Devonian, 
decreases rather rapidly towards the southr-w^est. Four types of structure 
maybe distinguished: (1) open folds (in Pennsylvania and east Virginia, 
i. e. the region of the compulsory vii'gation); (2) close folds (in the so-calkid 
valley of the Appalachians, i. e., broadly speaking, a zone of older sediments 
preceding the pre-Cambrian zone) ; (3) folding and movement along thrust- 
planes, giving rise to imbricate flakes (south Virginia, Tennessee, Georgia); 
(4) folding with foliation, i. c. powerful dynamic effects (this zone is 
scarcely to be distinguished from the Piedmont zone). 

Of particular interest are the circumstances under which the folding 
of the outer zones (1 and 3) passes into imbricate structure towards the 
south-west. 

In the same section of the outer zones we may observe as many as ten 
of those imbricate flakes in succession. On the Coosa river, however, south 
of the boumlary of Georgia and Alabama, the bordoi\s of the two eastern- 
most flakes 1»(‘nd round almost at riglit angles and step over the western 
flakes lying in front of them, vjhich retain the normal strike to the south- 
v:ed reith a slujk tly concave curve. 

From the description given l)y W. Hayes we may discern the following: 
The first thrust-plane (Rome fault) is part of a lino which has l>een traced 
for a distance of 4-10 kilometers ; the distance to wliicli the overthrust part 
has been carried is 4 kilometers. At Resaca a window occurs, 3 kilometers 
in length, which exposes Carboniferous beneath Cauilirian beds. A few 
patches advance beyond the edge of the flake and lie in short synclines 
between secondarily produced anticlines, Avliich are common to botli the 
flakes and more recent than the overthrusting. The extent of the over- 
thrust on the second thrust-plane (Cartersville fault) is at least 17 kilo- 
meters ; the overtlirusting lias perhaps been preceded by denudation 

The Cahatia coal-region, which lies to the north-west, has been studied 
by Squire, and its neighbourhood by Eugene Smith ; their results, together 
with Me Calley's description of the Coosa district, show that there is a very 
large number of similar thrust-planes, succeeding each other, and that the 
^^extent of the dislocation is very considerable 

' C. Willard Hayes, The Overthruet Faults of the South Apx»alachians, Bull. Geol. Soc. 
Am., 1891, II, pp. 141-154, map; C. W. Hayes and M. B. Campbell, Geomorphology of 
the South Appalachians, Nat. Geogr. Mag., Washington, 1894, IV, pp, 63-126, maps. 

J. Squire, Report on the Cahaba Coal Field, with an Appendix on the Geology of the 
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From this point onwards the strike turns to the west-south-west, and 
soon all the folds disappear beneath the Cretaceous mantle of the Mississippi 
valley. 

We have already mentioned (I, p. 557) the Cincinnati uplift, a long 
gentle anticline which we compared to the Parmas of the. Ural mountains. 
South-east of Nashville, Tennessee, tJio lower Silurian Trenton^ limestone, 
which forms the basement of the low country, is exposed over a very wide 



Pig. 10. Overthrusfs on ike coticave cwm of the Appalachians (after W, Il.'iyfis), 

area. Further exposures occur towards the north-east, extending through 
Kentucky and up to the boundary of Ohio. The angle of dip is everywhere 
small. -The presence of oil in the Trenton limestone has led to extensive 
lx)ring, and we now know that the natural cxpo.surcs afford only an 

Valley Regions ai^acent by E. A. Smith, Alabama Gcol. Surv., 1890, map ; in j)articular 
Smith, p. 139 et seq. ; E. Smith, Underthrnst Folds and Faults, Am. Joum. Sci., 1893. 
XLV, pp. 305, 306 ; H. McCalley, Report on the Valley Regions of Alabama, Part II, The 
Coosa Valley Region, 6eol. Surv., Alabama, 1897 ; in particular p. 27 et seq. 
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imperfect idea of the configuration of the long subterranean ridge. The 
principal range runs from Nashville towards the north-east. In the north 
it lies in several broad saddles, which slope gradually downwards, so that 
between Sandusky and Toledo, even before reaching the west end of Lake 
Erie, they have descended to great depths. West of these saddles and parallel 
to themta somewhat more strongly marked subterranean anticline, the 
Limes or Findlay axis, runs towards Sylvania on the boundary of Michigan ^ 
Filially a broad ridge runs from Cincinnati towards Indiana, and in the 
north of this state some brachy-anticlines crop out, which are remarkably 
sharp and dome-shaped 

Atlantic cmd l\tcijic characters. The east coast of North America may 
be resolved into several parts. The first includes the bare coasts of the 
gulf of St. Lawrence and extends as far as White bay in Newfoundland 
(lat. 6V N.) Tlie second includes those parts of the Appalachians which 
emerge from the ocean; it extends nearly down to Martha's Vineyard 
(between lats. 42'" ami 41“ N.). Tlie third is represented by a flat-lying belt 
of Mesozoic and Tertiary sediments which rests unconformably against the 
inner side of the Appalachians. In Georgia and Alabama this belt con- 
tinually recedes towards the interior and makes way for the deposits of 
Florida and Louisiana, which are of upper Tcrtiaiy or even more recent 
date. 

(a.) Near the northern end of this belt, to the west and south-west of 
Boston, patches of coal-bearing Carhoniferims Vjcds are let down by trough- 
faults into the rocks of the Piedmont plateau. The largest of these forms 
the elbow-shaped Narragansett basin ; its southern part strikes meridionally 
through Rhode island and into the sea. The Coal-measures of this trough 
coi-respond to the upper part of tlie Schatzlar stage \ 

In Europe limnic transgressions of considerable extent occurred at this 
time aftecting the previously denuded inner side of the Variscan arc, as, for 
examine, in Bohemia (11, p. 249). 

In the basin of tlie Saar, as in that of Narragansett, subsidence took 
place in a fault-trough. 

(h) The Neicark system is formed of extensive patches of plant-bearing 
l)eds. Basing liis conclusions on Fontaine s investigations, Stur showed the 
correspondence of its flora with that of the German Lettenkohle, particularly 

^ E. Orton, First Annual Report of the Geol. Surv., Ohio, 3rd org., Columbus, 1890, 
pp. 45> 54. 

^ A. J. Phinney, The Natural Gas Field of Indiana, U. S. Gool. Surv. Ann. Rep., XI, I, 
pp. 643-653; E, M. Kindle, The Niagara Domes of North Indiana, Am. Journ. Sci., 
1903, XV, pp. 459-468. 

® Sbaler, Woodworth, and Foerstc, Geology of Narragansett Basin, U. S. Geol, Surv, 
Monogr., XXXIII, 1899, mails. The Carboniferous of the noi’th half of the trough is 
lolded, but the section on p, 27 shows that the folding is a secondary effect of the subsi- 
dence ; for the age see D. White, Monogr., XXXVII, p. 285. 
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as developed at Lunz in the eastern Alps K This accords with the occurrence 
in the Newark beds of the crocodilian genus Belodon, which belongs to the 
upper Keuper of Gorniany, The presence of fishes (Catopterus) allied to 
Sernionotus also points rather to the upper Keuper. 

The Newark system starts from the head of Fiindy Ijay as a long series 
of patches, for the greater part elongated towards tlie south-west ; it follows 
approximately the strike of the Appalachians for a distance of 960 kilo- 
meters, and reaches the boundary of nf)rth and soutli Carolina. Davis, 
Darton, Russell, Hobbs, and other investigators have made it the subject 
of investigation, and Russell has collated all the older results The patch, 
170 kilometers in length, and elongated from north to south, which contains 
part of the course of the Connecticut river, and reaches the xsea near New- 
haven, is, as we have seen, let down in a fault-ti*ough. This is also time of 
the Richmond patch, rich in coal, and 50 kilometers in length ; and many 
others patches arc bounded or cut through hy faults. The Newark system 
is associated with basic eruptive rocks, which appear sometimes as steep 
veins, sometimes as intrusive layers, and again as offiisive mantles. The* 
border of one of th(?se mantles, dipping to the north-west, forms, for a 
breadth of 8-16 kilometers and a length of 190 kilometers, tlie east sliore oi* 
Fimdy bay and also Digby Neck, a narrow strip which bounds St. Mary l)ay 
like a lido. An intrusive flat-lying dyke, cutting through the beds obliquely, 
forms the Palisades on the left bank of the lower Hudson ; near New York 
it is 260 meters in thickness. Lewis has traced a dyke tlirough Pennsyl- 
vania for a distance of 1 14 kilometers ; according to Williams it is c< ni tinned 
for another 48 kilometers into Maryland ^ In the south, where tlie Newark 
sediments are absent, these dykes may be traced oven as far fis Alabama, 
where they conform more and more to the general din;ction of the folding. 
The southernmost limit to which they arc visi})le is given by the Cretaceous 
covering; it is 1,600 kilometers distant from the mo.st northerly exposure 
in Fuiidy ba^’’ ; the breadth of the zone occupied by the.se basic dykes and 
superficial sheets is estimated by Russell at al»out 320 kilometers. 

(c) Potomac zona. The Carboniferous and Newark areas, mentioned 


* W. M. Fontaine, The older Mesozoic Flora of Virj^inia, U. S. Geol. Surv. Monogr., VI, 

1883 ; D. Stor, Die Lunzer (Lettenkohlcn-) Flora in den ' Old Mosozoie bods of the Coal-Field 
of East Virginia’, Verb, k, k. geol. Reichs., 1888, pp. 203--217 ; Lester Ward, Status of 
the Mesozoic Floras of the United States, Ann, Rep., XX, 2, 1200, ^^11^115* 

* I. Cook Russell, Correlation Papers. The Nev/ark System, Bull. U. S. Geol. Surv., 
no. 85, 1892,344 pp., maps ; N. S. Shalerand.l, B. Woodworth, Geology of the Richmond 
Basin, Virginia, op. cit. Ann. Rep., XIX, 2, 1899, pp, 385-519, maps ; W. H. flobbs, The 
Newark System of Poraperaug Valley, Connecticut, op. cit., XXf, 3, 1901, pp. 17 -162, 
maps. The list of works referring to the Newark System given by Russell in 1892 fills no 
less than 199 pages. 

® H. C. Lewis, A great Trap Dyke across south-east Pennsylvania, Proc, Am. Phil. Soc., 
Philadelphia, 1885, Xlf, pp. 438-456, map. 



THE ATLANTIC BELT 


75 


CH. Il] 

above, contain no maiine fossils, and rest on the rocks of the Piedmont 
plateau. It is outside the patches that the flat-lyin}^ Atlantic belt begins. 
Its principal members are: the Potomac group, the Raritan formation 



Fk;. It. Tlw Aikmtic belt let men Washington and Baltinurc. 

(After the map of the Geological Survey of Maryland.') 
and mica-schisfc ; Ph, /%/™phyllite and limestone (altered Palaeozoic rocks) ; 


if « marble; (/- granite; (/b~gabbi*o; P=*|>eridotito and serpentine; 0.: = lower 
Cretaceous = Potomac ; On ^ marine Seiionian ; E - Koceiie. 

(Amboy clays), the beds representing the marine transgression of the 
Senonian, and the marine Tertiary beds. No doubt many displacements of 
the strand (xicurred after the deposition of this licit, but on the whole 
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it corresponds with the existing outline of the continent, until, in the 
south, it recedes towards the west h 

It consists of lower and higher members, the former (Potomac and 
Raritan) have only furnished terrestrial plants and a few remains of 
reptiles ; they are often grouped together as the Potomac zone ; the latter 
are purely marine. 

At the boundary between the Jurassic and Cretaceous of Central 
Europe a negative phase occurs (II, p. 277). Even in Poland, near Thorn, 
close to the German frontier, Michalski has found the Cyrena marl of the 
Weald In the north of France, and the greater part of England, the lower 
Neocomian is nowhere represented by marine deposits. On the Charente 
and in Portugal the Weald reaches the ocean. Observations show that the 
boundary between the Jurassic and the Cretaceous must be drawn above 
the brackish-water beds of the Purbeck and below the Ilastiujrs sand and 
Weald, which represent the lower and part of the middle Neocomian. 

The deposition of the Potomac zone began during this negative phase. 
In Maryland, arkose occurs at the base and is followed by claj^'s. The 
lower beds contain a flora belonging to the Weald and Neocomian. Above 
lies the Raritan formation. After visiting the Cretaceous deposits of 
Portugal which Choffat and Saporta had shown to contain a combination 
of terrestrial floras and marine faunas, Ward came to the conclusion that 
the Raritan flora corresponds with the Vraconnien, i.e. it lies on the 
boundary between the Gault and Cenomanian \ 

The Potomac flora is known over a region extending from Philadelphia 
southwards through Maryland to north Virginia. It also occurs in several 
places much farther south, as will be mentioned later. The Raritan flora 
extends from Martha s Vineyard to Maryland. Ward has shown that it is 
identical with the flora of the Tuscalosa formation in Alabama, which 
occurs under similar conditions, 

(d) Overstepping this inner, non-marine belt, comes the marine trans- 


* W. J. McGee, The Lafayette Formation, U. S. Geol. Surv. Ann. Rep., XII, 1, 1891, 
pp. 347-521, maps ; N, H. Barton, Outline of the Cenozoic History of a Portion of the 
Middle Atlantic Slope, Journ. Geol., Chicago, 1894, II, pp. 568-587 ; W. B. Clarke, The 
Eocene Deposits of the Middle Atlantic Slope, U. S. Geol. Surv. Bull., 141, 1896, and 
Maryland Geol. Surv. voi. Eocene, 8vo., Baltimore, 1901, map. 

» A. Michalski, Ueber das Vorkommen von Wealden und Neocom im nordwest. Polen, 
Bull. Com. geol. Russie, 1903, XXII, pp. 339-364, r. 

® Lester Frank Ward, The Potomac Formation, U. S. Geol. Surv. Ann. Rep., XV, 
1895, pp. 309-397 ; Some Analogies in the lower Cretaceous of Europe and America, 
op. cit., XVI, 1896, pp, 463-540; Status of the Mesozoic Floras of the United States, 
op. cit., Monogr. XLVIII, in particular p. 574 et seq. ; 0. C. Marsh, The Jurassic Forma- 
tion on the Atlantic Coast, Am. Journ. Sci., 1896, II, pp. 433-447, and 1898, YI, pp. 105- 
115 I W. B. Clarke and A. Bibbina, The Stratigraphy of the Potomac Group in Maryland, 
Journ. Geol., Chicago, 1897, Y, pp* 479-506 ; Geology of the Potomac Group in the Middle 
Atlantic Slope, op. cit.', 1902, XIII, pp. 187-214, map. 
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greasion of the upper Senonian. Starting from Martha’s Vineyard it runs 
through north and south Carolina, Georgia and Alabama, and then 
swerves across the strike of the Appalachians into the valley of the 
Mississippi (I, p. 284, %. 37 ; II, p. 303). 

Then the inner part of the belt bends to the north, crosses the inoutli of 
the Ohiow and, north of lat. N., turns to the south-south-west, thus 
including the valley of the Mississippi, In these regions, i. e. south-east 
Missouri and north-east Arkansas, we only see the continuous scarp of the 
older formations. It runs south-west to Little Rock (Arkansas) and beyond ; 
then, somewhat north of lat. 34'* W., a change sets in. The Tertiary girdle 
runs south-west across the Rio Grande to Mexico, but the inner border of 
the Cretaceous formation pursues a fairly rectilinear course to the west. 
It strikes along the south foot of the Ouachita range, nearlj'’ parallel to the 
Red river, tlirough the territories of the Chocktaw and Chickasaw Indians, 
and Oklahoma, to the other side of the meridian of lOO"* W. Within this 
vast region, wl\ich extends as far as the cordilleras of New Mexico, rise the 
Cretaceous table mountains of Texas. 

The investigations of R. Hill and his colleague Vaughan enable us to 
form a clear conception of this region b Texas (688,340 square kilometers) 
is larger than Austria-Hungary (625,557 square kilometers), the German 
Empire (540,484 kilometers), or France (536,408 square kilometers). The 
flat-lying Cretaceous alone — if we include a strip on the other side of the 
Red river — occupies an area of 440,000 square kilometers. In the east it 
dips normally beneath tlie Tertiary belt. In the west it is seized by the 
folds of the Cordillera, and but slightly changed in character continues into 
Mexico. Towards the north it spreads in isolated patches over Kansas and 
Oklahoma. Since, however, the Neocomian flora of Potomac occurs in the 
Trinity san<ls which form its lowest menil)er, and its highest beds are 
correlated with the upper Senonian of Maryland, it follows that the whole 
of the great Cretaceous series of Texas must have been deposited during 
a perioci which corresponds with the formation of the Atlantic Ijclt of 
Maryland and New Jersey, and that it is simply a broadening out and 
swelling up of this belt. Intercalations of Aptian occur, and of Cenomanian 
which attain a considerable thickness 

' R. T. Hill, Geograi)by and Geology of the Black and Grand Prairies, Texas, U. S. Geol. 
Snrv. Ann. Rep., XXI, 7, 1901, GGO pp., maps; Topograpical Atlas of the United States, 
Physical Geography of the Texas Region, fol. 1900 ; R. T. Hill and T. Waylaiid Vaughan, 
Geology of the Edwards Plateau and Rio Grande Plain, &c., Ann. Rep., XVIlI, *2, 1898, 
pp. 198-321, maps ; also Hill, Outlying Areas of the Comanche Series in Kansas, Okla- 
homa, and New Mexico, Am. Jouvn. Sci., 1895, L, pp. 205-234 ; and Vaughan, Additional 
Notes, &c., op. cit., 1897, LIV, pp. 43-50. 

* R. T. Hill, U. S. Gcoh Surv. Ann. Rep., XXI, 7, p. 165 ; W. M. Fontaine, Notes on 
some fossil plants from the Trinity division of the Comanche Series, Texas, Proc. U. S. 
Nat. Muh., Washington, 1893, XVI. pp. 261-282 ; L. Ward, Mouogr., XLVIII, p. 326. 

* According to Hill the Trinity Sands are transgressive sands and clays. They contain 
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The Cretaceous limestones of Texas have been broken up l)y erosion 
into tiible-mountains. These are: (a) the Llano Estacado, bounded in 
the north by tlie Canadian river, in the west by tlic Pecos ; (h) its south- 
easterly continuation, the Edwards plateau, bounded on the south by the 
Balcones escarpment, and corresponding to a zone of faults which may be 
traced far across the Colorado river to the north-north-east;^ (c) west 
of the Pecos the little Stockton plateau^ which extends up to the Cordilleras ; 
finally (d) the continuous masses of the Lam2Ka<as Gut jjlain, and the Grand 
prairie, which includes the northern boundary zone on the Red river, and 
the Black pra irie marked ofl’by a long scarp. In addition, there arc some 
isolated patches in the north and north-west, in part steeply upturned and 
lying at a considerable altitude ; these arc connected with the Cordilleras. 

The denuded edges of the great plateaux: a, h, and d bound a V>road 
area situated in the middle of Texas, within which the base of the Creta- 
ceous is exposed. In Bur net con at y, above Austin on the Colorado, ancient 
rocks crop out. According to Comstock's account, Arcliaoan gneis.s and 

the flora of the Ncocomian and marine fossils of the A))tian .stage (Douville, Bull. Soc, 
geol. de Fr., 1893, ser., XXVI, p. 387 ; Kilian, op. cit., 1902, 4® yer., II, p. 357 {JIoplHes 
furcatm). Above them lie the limestone platforms, first the Fmttn(kshur;f division, 
described by Hill as tbe most important transgressive member, over 200 meters thick in 
the direction of the Rio Grande, but decreasing towards the interior. Its uppermost 
member, Eduvrds Limestone (Rudistes limestone), was assigned by Douville to the upper 
Gault, or rather to the lower Cenomanian, whereas G. Bolnn showed its correspondence 
with the Schiosi limestone of the Dinarides — that is, the upper Cenomanian (Zeitschr. 
deutscli. geol. Ges., 1898, L, p, 3311. Hill mentions Sphenodisetis jiedenialis (according to 
Douville in Grossouvre, Ciuio superieure, p. 140, certainly upper Cenomanian) and Ostrea 
Mu7isoHi, which I regard, in agreement with Choffat,as identical with Chondrodont Joannae 
Choffat, of the Portuguese Rudistes limestone and the Schiosi beds (Hoerno.s, Sitzb. k. 
Akad. Wiss. Wien, 1902, CXI, j). 667). The Washita stage, which rests upon the Edwards 
horizon, also shows the ascent of many indigenous species, while the? few European 
species, such as Ahetryonia rarinata, point to the Cenomanian. Above this follows the 
Dakota sandstone, IliU’s Woodhim stage, thinning out towards the south, on the Brazos, 
in lat. 31" 30' \V., and towards tlie north opening up the tninsgrcssion far and wide. 
The few sea-shells which occur still seem to be of Cenomanian type (De Lapparent, Traits 
de G eologic, 3" ed., p. 1205). They represent the stratum of the well-known dicotyledonous 
flora. South of the Brazos the sediments arc still cah iu cous ; a little above thorn in the 
Austin limestone follow species of the upper part, uf the lower Senonian {Mortoniceras 
Texanum associated, as in Europe, with riacentictrai Syrtale), then the upper Senonian 
Idavarro beds with Gryphtea vesicvlaris and Ostrea larva, and finally, as the highest 
member, the Arkadelphia beds exposed beneath the Tertiary by erosion. In Colorado 
and fu liber north the place of the uj^per limestones of Texas is taken by clayey and 
sandy beds resting on Dakota sandstone ; they present the facies which begins with the 
Benton stage. Among numerous American memoirs we will only mention C. A. White, 
The lower Cretaceous of the south-west and its relation, &c., Am. Journ. Hci., 1889, 
XXXVIII, pp. 440-445 ; Hill, Palaeontology of the Cretaceous formation of Texas, Proc. 
Biol. Soc., Washington, 1893, VIII, pp. 9-40 and pp. 97-108; Hill and Vaughan, The 
lower Cretaceous Gryphaeas of the Texas Region, Bull. U. S. Geol. Suiw., no. 151, 1898, 
06 pp. ; and A. Heiljprin, The Geology and Palaeontology of the Cretaceous deposits 
of Mexico, Proc. Acad. Nat. Sci. Phil., 1890, pp. 445-469. 



CH. Ill 


CRETACEOUS PLATEAU OP TEXAS 


79 


giieissose granite are met with, striking N. 75“ W., as well as steeply up- 
turned pre-Cambrian schists, with a predominant strike of N. 36“ W.^ 
Borings made on the summit of the Edwards plateau, south-west of 
Fredericksburg, reached the granite beneath the Cretaceous at a depth of 
only 55 meters (457 meters above the sea), and even at Kerville, 85 kilometers 
south-wo^ of the Colorado river, it was reached at a depth of 381 meters 
(about 152 meters above the sea)^. 

In the valley of the Colorado this ancient mass is covered by horizontal 
and uiiconformable Potsdam sandstone (Cambrian)^. The Burnet mass 



is not a continuation of the Appalachians, but a monadnock, i. e. 
a surviving ridge of the basement rocks, the remains of an older range, 
left by denudation, which, in this ctise, as in tliat of the denudation of the 
Canarlian sliielfl, took place before the deposition of the Potsdam sandstone. 

Tlvis sandstone is followed by Silurian and then by lower Carboniferous. 
ITppov Carboniferous suitouikIs a part of the ancient mass, and spreads out 
towards the north It lies flatly bedded along the west toot of the 
Lampasas Cut plain and the Grand prairie, extending from lat. 31“ 30' to 

' T. 8. Comstock, Report on the Geology and Mineral Resources of the Central Mineral 
Region of Texas, 11, Ann. Rep. Texan Geol. Surv., 1891, pp. 553 -G64, map. ThcAvestern 
half of the region is shown on Hill’s beautiful geological map in Ann. Rep., XXI, 7, PI. LXVI. 

Hill and Vaughan, Edwards Plateau, pp. 217, 271, 273. 

® Walcott, Am. Jouru. Sci., 1884, 3rd sen, XXVll, p. 431. 

* Hill, U. S. Geol. Surv. Ann. Rep., XXI, 7, p. 91. 
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33** 30' N. ; in the Grand prairie it underlies the Cretaceous, and has been 
revealed by boring at a distance of as much as 64 kilometers from the 
border (C6, fig. 12). 

To the west of the Carboniferous zone we encounter beds of increas- 
ingly recent age, which all dip gently to the west. First we meet with the 
upper members of the Carboniferous, tlien red Permian sandstone and 
marls. At various horizons in the marls the remarkable reptiles described 
by Cope occur, and in one of the upper members a marine fauna, which is 
foreign to the east of America {Popctnoceras, MedlicotUa and other genera), 
makes its appearance b Still higher, red clay with gypsum follows, the 
presence of Pleurophorus betraying its Permian age. The Red beds form no 
small part of the basins both of the upper Colorado river and the upper Red 
river; to this fact both rivers owe their names. The highest and most 
westerly beds are assigned to the Trias solely on the evidence of included 
pieces of fossil wood {P, fig. 12). 

Texas thus exhibits, beneath a Cretaceous scries dipping gently to the 
east or south-east, another and older series which is slightly inclined towards 
the west. The inclination, everywhere trifling, is original, and, with the 
exception of a few faults, there arc no signs of tectonic disturl)ance since 
the deposition of the Potsdam sandstone. Tilting movements of the whole 
continent have been assumed, but a simpler exjdanation accords bettor witli 
the facts. 

Lo Conte, Dana, and others long ago recognized that certain Pacific 
characters are met with on the east side of the Cordillera. Indeed Pen'iu 
Smith speaks of a Pacific sea as existing in Arkansas in Carboniferous and 
Permian times b 

On the other liand, the wdiole of the Texan Cretaceous is in.serted into 
the narrow Atlantic belt of the north, and this is an Atlantic formation. 
The plain in the interior of Texas, betvjeen the Llano Estarado and the 
Grand prairie, is, as it vjere, a vdndoiv, in ivhieh the Pacific series dipjnng 
to the v:est is exposed beneath the Atlantic seHes dipping to the east. 

The Pacific sediments are continued further towards the north, up to 
Oklahoma and Kansas, Init characteristic Pacific fossils are afforded by tlie 
marine fauna only. In Kansas we find close below the typical Red beds 
the species CalUpteris conferta, distinctive of the Permian Dunkard flora, 
which in west Virginia, south-west Pennsylvania, and as far as New 
Brunswick represents the lower Ilothliegeiide of Europe. If tliis series 

^ C. A. White, The Texan Permian and its Mesozoic Types of Fossils, Bull. U. S. Geol. 
Surv., no. 77, 1891, 39 pp. ; F. Cummins, Report on the Geology of north-west Texas, II, 
Ann. Rep. Tex. Geol. Surv., 1891, pp. 394-430, map. A survey of recent works on the 
subject is given by Prosser, Notes on the Permian Formation of Kansas, Am. Geol., 1905, 
XXXVI, pp. 142-161. 

* J. Perrin Smith, Marine Fossils from the Coal-measures of Arkansas, Proc. Am. Phil. 
Soc., 1897, XXXV, no. 152, 72 pp.; in particular’ p. 18 et seq. 
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occurred in Germany we should describe it as the post-Variscan mantle. 
North of the Red river it surrounds the Ouachita mountains unconform- 
ably, thus indicating the Permian age of this range. 

Wc must now proe(‘.ed 8 to 10 degrees of latitude further north, and enter 
Minnesota, where, between lats. 43“ and 45“ N., the western liorder of the 
Canadian shield is concealed from view by glacial deposits. 

In long. 96“ 30' W., on the Ixiundary between Minnesota and south Da- 
kota, ancient (juartzite crops out on the great Sioux river beneath the glacial 
d(?bris and patches of Cretaceous, and, at a more northerly locality, granite 
also. Even further west, at least as far as long. 98" 30' W., borings reveal 
ancient quai-tzite or granite beneath the water-bearing Dakota sandstone b 

Still further west, between the meridians of 103" and 104", we reach the 
Black hills (I, p. 559); of these we possess recent descriptions by Ward 
and Darton b Ujxm ancient granite and schists Cambrian sandstone lies 
unconformably , as in the Burnet mass. Carboniferous limestone follows, and 
then a red series with gypsum and species of Bakevellia, completely rcsem- 
blijig the Permian of Kansas and Texas. On this rests a characteristically 
Pacific formation, the Jurassic sandstone with Cardioceras (Sundance 
stag(?). Then conu.'s unfossiliferous sandstone, succeeded by the marly shales 
of the Atlautosaurus beds, which have furnished the well-known gigantic 
reptiles, described by Marsh as Jurassic. 

The deposition of tlio Atlautosaurus beds was followed l)y an interval 
of erosion, atid valleys were excavated of such magnitude that workable 
Coal-measures, with the tlorM of the lower Potomac (Lakota stage), were laid 
down in tliom. With these begins the series of the Atlantic belt; Imt 
in this case also the contj^ast between the Pacific and Atlantic formations is 
confined to the marine deposits. We have now entered the epocli of the 
Weald and Neocominn, and recognize the ne^gative phase between the 
Jurassic and tlie Cretaceous, which is quite as clearly expressed here as in 
the isle of Purbock. 

Here also forests of Cycads have left behind their traces. Higher up, in 
the Dakota sandston<?, tlie remains of dicotyledonous plants lie buried. Then 
follows, here as elsewhon;, the transgression of the marine upper Cretaceous. 

* N. H. Darton, Prcliininiiry Repoii; on Artesian Watei-s of a Portion of the Dakotas, 
b. B. Geol. Siirv. Ann. Rep., XVII, 2, pp. 603-694; in particular map C. p. 672, and Pre- 
liminary Report on the Geology ;iiul Underground Water Resources of the Central Great 
Plains, U. S. Geol. Surv. Prof. Pap. no. 32, 1905, 433 pp., maps ; also S. W, Beyer, The 
J^ioux Quartzite, &c., Iowa Geol. Surv., 1896, VI, pp. 68-112, map. 

^ Lester F. Ward, The Cretaoeous Formation of the Black Hills as indicated by the 
PoBsil Plants, U. S. Geol. Surv. Ann. Rep., XIX, 2, 1899, pp. 521-712, and Wieland, in 
^onogr., LX VI II, p. 317 et seq. ; Darton, Preliininavy Description of the Geologj’^ and 
^Vjiter Resources of the Black Hills, &c., op. cit,, Ann. Rep., XXI, 4, 1901, pp. 489-599, 
in Bull. Am. Geol. 8oc., 1899, X,- pp. 383-396, and op. cit., 1904, XV, pp. 
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For the present we will proceed no farther. Our object in comparing 
the Atlantic belt in the east with the window in Texas, and the Lakota 
stage with the Potomac flora now filling erosions in the Black hills, was 
simply to recall once more the extraordinary extent and uniformity of the 
phenomena which define the limits of formations. ^ ' 

The AppalacliianH on the other side of the Mississippi When the first 
Report of the Geological Survey of Arkansas appeared in 1888 it announced 
the existence of a range of hills, 600-700 meters high, which begins south 
of Little Rock, and, extending from about long. 92” to 100” Wi, forms the 
watershed Ixitween the Arkansas river (Canada) in the north and the Red 
river in the south. Branner named it the Oiuichita range. Earlier maps 
had not given an even approximately correct idea of this range. At most 
they marked mount Scott, situated far to the west in Oklahoma, aiid 
already made known by earlier expeditions. The geologists who visited 
this range, Branner, Hill, and Griswold, were astonished at its resemblance 
to the Appalachians. They observed the folding directed to the north, 
corresponding to the bend in the Ai>palachians ; the folded Carboniferous 
traversed by thrust-planes, and beside it the uot-foldcd red Permian. On 
one point only was there a difference of opinion : ahouhl the Ouacliita range 
be regarded as a continuation of the principal chain of the Appalachians, 
or, as its somewhat more northerly position might suggest, as a more 
strongly marked expresvsion of the folds of the Cincinnati uplift ? ^ 

The range strikes first to the west and then turns to N. 70” W. In the 
east it is thickly wooded ; in the we.st absolutely treeless, and covered with 
deep gims. It consists of three coulisses. The first and most extensive is 
the Ouachita range in the narrower sense, the Massern range of Hill ; the 
second iorms the Art/acMe riumntainSy which, orogi’aphically, are connected 
fairly closely with the first; the third, separated by an interval 40-50 
kilometers wide which is occupied by horizontal red Permian beds, forms 
the Wichita mouviains, to wdiich mount Scott belongs. 

The core of the eastern coulixsse or the Massem range forms the 
Schleifstein ms (No vaculite range). South of Little Rock it is cut 

through obliquely by the mountain border, of which it includes about 
45 kilometers. Thence it runs, expanding like a wedge, for a distance of 
more than 160 kilometer.s towards the west, accompanied by numerous 
subsidiary folds of less importance. It consists of comparatively yielding 
lower Silurian rocks, accompanied by steeply upturned beds of siliceous 


' R. T, Hill, Notes of a Reconnaissance of theT)uachita Mountain System, Am. Journ. 
Bci, 1891, XLII, pp. 111-124, map ; L. S. Griswold, Origin of the lower Mississippi, Proc. 
Boston Soc. Nat. Hist., 1895, XX VI, pp. 474- 479; J. C. Branner, The former Extension 
of the Appalachians across Mississijjpi, Louisiana, and Texas, Am. Journ. Sci., 1897, IV, 
pp. 357-371. 
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homstone, which causes each of the numerous folds to stand out in sharp 
zig-zag lines, Griswold has given a map of the range \ 

In the north and south thevSchleifstein range is bordered by a thick 
mantle of Carboniferous beds, and near Atoka, in the region of the Choctaw 
Indians, this surt'ounds its western end. The Carboniferous mantle also is 
folded, (tnd overfolding occurs to the north. The productiveness of the 
Coal-measures has led to a careful investigation of the range ; the north 



Fig. llic Schleifsfein range (alter Griswold), 

Tlie black patches mark ancient intrusive masses. 

side lias lieeii {lescrilxKl by Winslow, Drake, and in great detail by Tatt*; 
tlie sontli side by Ashley. The floi'as of Schatzlar and Ottweil have been 
recognized beneath marine deposits of lower and upper Carboniferous- 
(aa,fig. 13). 

A transverse section from north to south shows the following: — 

North of the Arkansas river rise the Boston mountains, formed of 

' L. S. Griswold, The Whetstones and Novacnlites of Arkansas, Ann. Rep. Geol. Surv. 
Arkansas, III (1890), 1892, 448 pp.,inaps. 

A. Winslow, The gcotcctonic and physiographic al Geology of West Arkansas, Bull. 
Geol. Soc. Am., 1891, II, pp. 225-242, map ; N. F. Drake, A Geological Reconnaissance ot 
the Coal Fields of the Indian Territories, Am. Philos. Soc., Philadelphia, 1897, XXXVI, 
pp. 326-420, maps ; G. H. Ashley, Geology of the Paleozoic Area of Arkansas South of 
the Novaculite Region, with an introduction by J. C. Branner, tom. cit., pp. 217 -318, maps. 
The south border also appears on Map LXVI,in Hill’s Texas, U. S. Geol. Surv. Ann. Rep., 
XXI, 7 ; J. A. Taft’, Geology of the McAlester-Leliigh Coal Field, Indian Territories, 
op. cit., 1899, XIX, 3 (accompanied by a Report on the Fossil Plants by D, White, and 
a Report on the Palaeozoic Invertebrate Fossils by Girty), pp. 423 -593, maps ; J. A. Taft' 
and G, J. Adams, Geology of the East Choctaii Coal Field, Indian Territories, op. cit., 
1900, XXI, 2, pp, 257-311, maps; G.^J. Adams, Stratigraphical Relations of the Red 
Beds to the Carboniferous and Permian in North Texas, IJull. Geol. Soc. Am., 1903, XIV, 
pp. 191-200, maps. 
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Carlx)niferoxis limestone ; they are a continuation of the horizontal series of 
south Missouri, According to Winslow’s sections they drop in a gentle 
flexure to the river. South of the river follow the wooded ridges of the 
Carboniferous, folded towards the north, next the zig-zag lines of the north 
border of the Schleifstein range, then its middle part of less resistent lower 
Silurian ; on the other side of this come the zig-zag lines of the south border, 
then the wooded south zone of the Carl>oniferous, and against this, a little 
north of the Red river, rest the Trinity sands, whicli represent the beginning 
of the Cretaceous. 

Close to the south foot of the Schleifstein range, between Hot Springs 
and Malvern, but still north of a secondary range of the Schlt^ifstoin crests, 
rises the mass of Magnet cove, the latest description of which we owe 
to Washington; it consists of a varied series of eruptive rocks becoming 
more basic towards the centre, which is occupied by a mass ol‘ magnetite^. 

South and south-west of Little Rock two bosses of Elaeolite-syenito rise 
from the Tertiary plain, and form Foiirche mountain and Bryant ; their 
richness in Bauxite has led to their investigation by Hayes 

The Arlmckle moiintains are united by the Carboniferous with the 
Mavssern range. They consist, according to Taft* of several horsts bounded 
by strike-faults and composed of pre-Cambrian granite with a Pala(;ozoic 
border. These horsts are th(j remains of a range which was foldcid in the 
interval between the lower Carlxmiferous and the Schatzlar stage. Con- 
glomerates are superp(;sed uncon formably, and, at tlie close of tJie upper 
Cai'boniferous (Ottweil flora), considerable folding once more occuiTcd. 
The Permian and Cre^taceous are undisturbed. 

The total length of the range amounts to over 90 kilometers^. 

Still further to th(» north-west lie the Wic/dta mountains, which arc 
also over 90 kilometers in length, a!ul trend towards N. Vif W. ^ They 
consist of a great number of steep isolated ridges and l)OHses : Taff Inis 
counted 250. The north-westerly groups are known as the Raggedy 
mountains. The principal range, beginning at Fort Sill, presents only 

^ H. S. Washington, Igneous Complex of Magnet Cove, Arkansas, Bull. Geol. Soc. 
Am., 1900, XI, pp. 389 41(5, map. 

^ C. W. Hayes, Geology of the Bauxite Region of Georgia and Alabama, U. 8. Geol. 
8urv. Ann. Kep., 1895, XVI, 3, pp. 551 597, map, and op. cifc., 1901, XXI, 3, pp. 435-472, 
maps. 

^ R T. Hill, Notes on a Reconnaissance of the Ouachita Mountain System, Am. Journ. 
Sci., 1891, XLII, p. 121 ; T. W, V^aughan, Geological Notes of the Wichita Mountains, 
Oklahoma, and the Arbuckle Hills, Indian TerritorioH, Amer. Geol., 1899, XXIV, pp. 44- 
55, map ; and in jjarticular, J. A. Tali, Frcliininary Report on the Geology of the Arbuckle 
and Wichita Mountains, U. S. Geol. Surv. Prof. Paper no, 31, 1904, 93 pp., maps. 

* H. Foster Bain, Geology of the Wichita Mountains, Bull. Geol. 8oc. Am, 1900, XI, 
pp. 127 -144, map. With regard to the relative age of the gabbro and granite, opinions 
are not concordant ; I have followed the observations made on the eruptive masses of 
the east, which’ have been closely studied. 
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pre-Cambrian granite and gabbro ; the latter is the older member. Towards 
the nortli-east rises a parallel range which continues the Palaeozoic 
sediments of the Arbuckle mountains. Red Permian lies unconfoimably 
over isolated ridges. 

In lat. SS"" N., long. 99° 28' W., 9 kilometers west of the north fork of 
the Red river, Taft* marks the la^st granite boss. One of the last branches 
of the western Altaides here sinks beneath the arid plain, but not before 
the unconformities characteristic of the- Altaides, and the long zone of 
Coal-measures, have again made their appearance in the Arbuckle 
mountains. 

A second branch may be seen further south. 

Elongated sierras run down between the Rio Grande and the Pecos. 
In the nortli their direction is north and south, then south-south-east and 
finally south-east. Between lat. 31° and 30° 30' N. the Davis mountains 
rise near the east Ijordcr to a height of 2,500 meters ; they consist of recent 
volcanic rock and terminate on the south in a steep declivity. Then follows 
the Sierra Santjago; formed of Cretaceous limestone, and running south- 
east, it nearly reiiches the Rio Grande. The river Pecos flows for a 
considerable distance in the red Permian clay ; further south, on its west 
side, rises the Stockton plateau, which has already been mentioned as a 
contimiation of the Edwards plateau. Here, a little west of the Pecos, 
the horizontal Cretaceous of Texas meets the folded Cretaceous of the 
Cordilleras. 

Hill distinguishes two mountain fragments as foreign elements, the 
ISierra Comamhe, and the less important Sierra Caballos, They lie to the 
east of th(.‘. Cordillera, and should therefore be inclinled in the region of the 
(5retaci^ous platforms. The Sierra Comanche, striking to the south-west, 
eiicountei’s in the neighbourhood of Marathon the folded Sierra Santjago 
which strikes to the south-east. The Sierra Comanche consists of Palaeo- 
zoic limestone and sandstone dipping to the north, on wliich some flat 
patches of Cretaceous limestone still possibly rest. The Sierra Caballos 
lies to the south ; its beds stand vertical with a parallel strike, and probably 
belong to the lower Helderberg stage. Towards tlie south they arc bordered 
by a belt of flat-lying Cretaceous h 

These sierras do not belong to the great Cordillera, since they are 
opposed in direction and are older than the Cretaceous, Neitlier do they 
belong to the Burnet mass, in which Cambrian sediments lie horizontal, 
rheir strike passes north of this mass and beyond it. 

Rohert Hill recognizes in the Sierra Comanche and the Sierra Caballos 
the type of the A ppalachians, which here, close to tlio foot of the Cordillera 
of New Mexico, is yet once moi*o visible. A similar correlation has been 
hazarded with regard to the Diablo plateau, a great are^i of lower Carboni- 

^ R. T. Hill, Topographical Atlas, fob, p. 4, 
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ferous limestone situated actually within the Cordillera and l)eyond the 
Davis mountaias. But in this case the facts are less convincing, and for 
the present we shall regard the Sierra Comanche as the last trace of the 
Appalachians to be seen on the west. The point at which it meets the 
Mexican Cordilleras lies in lat. 30^* 15' N. and long. 103® 15' W. 

On the north, above Burnet, and in the direction of the Ozark 
mountains, lies a broad ai’ea in which the Palaeozoic sediments probably 
attain a greater thickness. Within this region the Appalachians divide 
into two diverging l)ranches, utuI further west these great mountains die 
away in isolated fragments of coulisses. These are the f ree ends of the 
longest hranch of the 'western Altaides. 

The inter- Carboniferous movements of central Asia have travelled west 
as far as this point. The bend of the Altaides towards the nortli which 



Fig. 14. Sierm Omnncke irnd Ijaris mountains 'after R. Hill). 


occurs in the horst of Azov has remained of fundamental importance as 
far as the Cordilleras of New Mexico. 

Summary. The preceding observations throw some light on tlie 
history of the North Atlardic Ocean. 

An extensive Devonian continent, Eria, occupied the north. South and 
east of where it stood, a rias coast now extends between Dingle bay and 
la Rochelle, and the folded Armorican system sinks beneath the sea. On 
the west a similar rias coast is presented l>y Newfoundland, where the 
Appalachians make their advance. The Wichita mountains and the Sierra 
Comanche are their free ends. 
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ThQ Armorican range and the Appalachians are both folded towards 
the north. In Europe, as the Armorican together with the Variscan folds 
advanced against the foreland, the Carboniferous sea was driven back ; the 
Zechstein marks the first re-entry of the sea into the northern regions. 
In America, as the folds of the Appalachians approached their Laurentian 
foreland, they continued, from the time of the Carboniferous limestone 
onwards, to drive the sea of Newfoundland far towards the south. Marine 
sediments of Mesozoic and Tertiary age are absent on the north and west 
sides of the Appalachians. 

If we compare the works of Stur on the Carboniferous floras of Moravia 
and Silesia, of Zeiller on those of northern France, of Kidstone on those of 
Britain, and of David White on those of North America, we find in all cases an 
astonishing resemblance between these floras, both in their coniposition and 
the order of their succession, whether traced upwards from the Culm to the 
Rothliegendc or horizontally from the Wcichsel to Oklahoma. I'his 
correspondence enables us to affirm that a discordance at the base of the 
Culm exists in Europe, and that it reappears in Newfoundland, New 
Brunswick, an<l Nova Scotia. In the whole of this region the folding had 
come to an end before the deposition of the Permian. This formation 
rests umlistnrbe^l tipoii some gentle anticlines wliich extend from New 
Brunswick into Prince Edward island. 

Thei‘e arc intervening movements on tlie two sides of the ocean, which 
may also be correlated. It is clear that lirnnic transgressions oi the 
Kchatzlar stage stepped over already denuded parts of the inner side of 
the mountains, as, for example, in Bohemia, on the Saar, in the Central 
plateau, ami at the same time on to the etjiiivalents of the Piedmont 
plateau in tlie Narragansett basin. In the extreme east, near Ostrau, the 
series of coal-hearing beds terminates with the Schatzlar stage. The 
Devonian boss of Debnik, whicli rises outside the coal-region, near Cracow, 
is covered unconformably by the alien plant-bearing limestone of Karnio- 
vice. According to Raciborski it contains the Ottweil flora which is here 
separat-iMl by jdiysicul changes from the flora of Schatzlar. In the extreme 
west we meet in the Indian territories with the Me Alester Coal-measures, 
which contain the Ottweil flora ; these are folded along with the rest of the 
coal- bearing series (Grady Coal, Schatzlar), and flat-lying beds do not 
occur till we reach the Permian. Further obseiwations must decide 
whether this affords additional confirmation of a fact established elsewhere, 
that the folding persists longer in the direction of the free ends. 

We now reach a more recent phase in the history of the Atlantic. 
South of lat. N., i.c. south of the trend-line which once united America 
with Europe, the nature of the coast is no longer the same as that in the 

M.Raciborski, Permo-carboTiiferous Floni of the limestone of Karniowice,Rozpr.Akad. 

Krakow, 1891, XXI, pp. 853-394 (in the Polish language). 
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north. On the inner (east) side of the Appalachians we meet with the 
terrestrial floras of Schat/Jar (Narragansett), the Kenper (Newark), the 
Neocomian (Potomac), and the Vraconian (Raritan) ; marine deposits fii’st 
make their appearance with the Senonian. With the Potomac stage a 
more continuous belt begins, and this has been termed the Atlantic belt. 

The table-mountains of Texas are the extended continuation of this 
belt, although they reach greater heights, ainl although some marine 
indications occur even in the Potomac stage (Trinity sands). 

The negative phase of the Weald is revealed over a wide ai:ea on both 
sides of the ocean, from the Weichsel to Dakota. It was followed by a 
positive movement. In the north of France the gradual advance of the 
Gault is very obvious. In Texas the first signs of it are aflbrded by the 
Trinity saiuls. Next the great Cenouianian transgression set in, an# with 
it the limestone formations of the Karst of Syria, Arabia, the Saliara, 
Texas, and JVIexico were built up. The Senonian lias every w}ioj‘(i advanced 
beyond tht^ peripliery of this transgression, in the north to Disko, iu the 
south into the Antarctic region, in the east to the Aral, and it has left its 
traces even on the Pacific coasts. The Senonian of Marylaml represents a 
part of its advance. 

In addition, we have the compkdeiy umlisturberl position of the CreUx- 
ceous extending fi^mi Greenland down to the extreme south, and, with the 
exception of the Antilles, only interrupted hy occasional subsidence (Balcones 
escarpment). 
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CHAPTER III 

THE AFRICAN ALTAIDES 

The inland sea of Africa. The Central Sahara. The Altaides of the Sahara. The 
Great Atlas. 

The Inland sea of Africa. We were unable to give more than a very 
fragmentary account of the Saliara in the first volume of this work 
(I, p^360, fig. 41). The journey of Lenz wavS almost our only source of 
information for the whole of the vast region in the west, and as regards 
the e;j-st our knowledge was confined to the barest outlines; such as the 
existence o^ the Archaean rocks of Khartum, which extend towards Bardu, 
crop out again in Aliaggar, and are accompanied by the volcanos of Bardai 
and All; ; the jiresence, north of this range, of the important Palaeozoic tract 
which extends towards Mursuk ; of a great transgressive series of middle 
and upper Cretaceous, which reaches the Nile below and aliove Assuan; of 
a tract of Eocene within the Cretaceous, and within this again, nearer the 
mouths of the Nile, a Aliocene region. 

The maps published liy Holland in 1890 inrlicated with additional clear- 
ness the relations of the Cretaceous to the underlying Palaeozoic in the 
region south of In Salali and tlie Hamada el Homra, but in the western 
region no progress of any account had been made even at that dateb 

The most important of tlie many discoveries which followed later is that 
of a marine Tertiary series in a region lying lietween lats. 14' and 15° N. 
and long. 5° 20' to 6° 20' E. Tlie Eocmie was recognized simultaneously 
by l)e Lapparent and Bather, and subsequently additional fossils cnaliled 
©e Lappatent to sliow that younger sediments also are present ‘d. 

According to De Lapparent, the Lutetian stage of the Eocene is known 
to occur in the same region at Tamaske; at a neighbouring locality a 
Ccrithium resembling C. concinnum of the Barton stage was I’ouud ; and 
at a third Ostraea ImKjirodris, with Ixines of Halitlierium. Near Bututu, 
in the south-east corner of tlie region, iron sand occui's with impressions 

' G. Rolland (Chemiii do Fer Tninssaharien), Geologic dii Sahara Algerien, 2 voh, 4to, 
Faris, 1890, I, pi. IV, and p. 252. 

® A. dc Lapparent, Sur une formation marine d’age tertiaire an Soudan fran^ais, La 
Geographic, 1903, VII, pp. 417 420, and Sur des nouvelles trouvailles geologiques au 
Soudan, op. cit., 1905, XI, pp. 1-6; also C. B. Acad. Sci. Paris, 26 dec. 1904. Speci- 
mens from this region wore collected by French and FiUglish officers simultaneously in 
1903 ; Bather recognized the presence of the Eocene at the same time as De Lapparent. 
P. S. Lelean, An Eocene Outcrop in Central Afilca, and F. A. Bather, -Eocene Echinoids 
from Sokoto, tteol. Mag., 1904, 6th ser., I, pp. 290-304. 
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suggesting Protorotiferay above it a bed containing plant remains, and 
above this the skeleton of a lurnachella with impressions of a Cardita, which 
point, according to Douvill^, to the upper Miocene. 

Here, as in the IJbyan desert, a horizontal mantle, beginning with the 
middle or upper Cretaceous, rests unconformably on much older rocks. It 
extends upwards, as we now know, into the Miocene, and we may suppose 
that here, as in the Libyan desert (I, p. e362), the contours of the several 
sedimentary series become successively constricted about some particular 
locality on tlie existing sea-coast. 

As regards the shore-lino of the inland sea thus indicated, we may 
arrive at some notion of its course fi*om a consideration of the data 
furnished by l)e Lapparont, taken in connexion with the latest general 
account by Chudean b 

The transgressi^•e Cretaceous sea certainly extended to long. 10® 15' E., 
lat. 14® 30' N. (hill of Damergou); from long. 8® E. onwards the,Cretac(5ous 
deposits are probably covered l>y Eocene ; from lat. 14° 30' N. by Miocene. 
Prom the soutli-cast (Sokhoto) a bay opened into the sea. Cretaceous and 
Eocene roach the Niger, and in the south, between Goa and Tosaye, rest in 
transgressive patches upon older rocks whicli tei*minate at Tosaye (south of 
lat. 17® N.). 

Sc» far for the southern shore. 

In the east the Eocene* extends at least 400 kilometers to the north, and 
reachcvS lat. 17' 50' N. about (Tamarlakat, 75 kilometers north of Agad(^s, 
(50 kilometers w'(‘.st of Aonderas). Here we are near the meridional volcanic 
range of Air, and even far to the north, in lat. 21® 15' N. (west Tagrira and 
In Azua), similar sediments are mentioned, but witliout fossils. Doubtful 
traces oi. tlie Cretaceous ai'C also known far to the east in long. 13® E., lat. 
18 40' N. (Bilma: I, p, 363): it is possible that a connexion wdth the 
Libyan desert existed here. 

To the w^est of Air the Cretaceous and Eocene waters very possibly 
broadened out over a wide area, yet between longs. 2° and 4° E. the ancient 
rocks of the Adrar are found to extend very far towards the south. 
\illatte followed them in long. 2® E. down to lat. 20® N.^, and Gautier's map 
marks them in long. 1 E. as far as lat. 18® N. (on the Eguerrer). Never- 
tlieless Cretaceous fossils are known to occur in long. 1® E,, lat. 17® 50' N. 
(Tabankort) and in long. 1® W., lat, 20® N. (Maliruk). 

' A. (ie Lapparent, Sur Textenriion de^ mers iTetacees en Afritjue, C, R. Acad. Sci. 
Paris, G fevr. 1905, p. 349, and R. Chiuiftau, Le Lutetien au Soudan ot au Sahara, op. eit., 
15 avril 1907, pp. 811“813. Cf. also Chudeau^s hypsometric map of the Sahara in Ann. 
de Oeofjfr., 1908, XVII, PI. J, and J. Chautard, Materiel pour la Geologio et la Minera- 
logie de. TAfrique occidentale fran^aise, I, Etat actuel de nos connuissances sur les 
formes sedimentaires de PAfrique occidentale tropicalo, 8vo, Oor^e, 1900, 15 pp. 

® N. Villatte, De Tidikelt vers Tombouctou, G<*ographie, 1905, XII, pp. 209-230, 
map. 
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Let us now direct our steps due west. 

Between cape Bojador and Punta Diirnford, Quiroga observed a bed 
with Odraea, Tdlina, and other fossils, followed by 25-30 meters of 
qiiartzose sand with silicified tree-trunks, and beneatli tliis blue marls. 
Towards the interior loose sands with Helix set in, and then follows a broad 
tract of ancient rocks accompanied by a narrow belt of Palaeozoic which 
extends into the Asfat, i. e. into the latitude of cape Blanco b 

For a long distance in the south the co^st is unknown. On the lower 
S(nu‘gal river the upper Cretaceous makes its appearance. Middle Kocene 
liinostone was met with in a boring near St. Louis ; and likewise at several 
localities extending to about 200 kilometers east and soutli-east of cape 
Verde b 

In the interior of tlie continent lies the boundless rlcpression of the 
Jnf; on its west border lie the salt beds of Tichit, on its east border 
tliosc of Taouden and Trasas. 

Near Timbuktu, Chevalier found two species, which now live on the 
coast of Senegamlria, Manjinella Kyoiien and Coliimbella VLercatoria ; they 
occur in gi'eat numljcrs, but in a dwarfed state Gautier states that 
K. Duiniis obtained the same species to the west of lake Hero, and also 
that A. Dendnis brought l)ack representatives of a Pleistocene marine lauiia 
firnji Mauritania, where they were found 150 kilometers from tlio sea and 
at a height of 60 meters. 

Timimktu lies at a level of 240 meters: the lowest point which Lenz 
met with on the east side of the Juf lies at 120-150 meters only. Gautier 
draws a truly instructive picture of the time, perhaps not very remote, wlien 
a great river represented by the existing Wady Messaud brought <lown 
the waters of the Great Atlas from the north-cast into these depressions, a 
task now vainly attempted liy a part of its upper course, the Wady Saura; 
at the time in ( juestion the lakes of Timbuktu formed part of a sheet of water, 
which extended eastwards to the rocky gate of Tosayc on the Niger, and 
southwards into tlie district of Massina, thus covering the bend of tlu? Niger, 
'rile existing upper Niger discharged as an independent river into these 
waters 

' F. QuirogJi, Apuntes de un Viajc por el Sahara occidental, Ah. Soc. Espau. Hist. 
Nat., XV, pp. 405 523 ; Obseivaciones geoldgicas cn el Sahara occidental, oj). cit., 
1889^ XVIII, pp. 313, 803, map, and Observaciones al mapa geoldgico del Sahara de 
M. Uolland. op. cit., 1802, ser. 2, I (XXI), 2, pp. 20 32. 

" Hopeated accounts of it liave been given by S. Meunier ; the tacts are collated in 
•1. Chauiard, Note sur les formes docenes du Senegal, Bull. Soc. geol., 1005, 4® ser., 
PP‘14L153. 

^ A. Chevalier, Sur Fexistcnce probable d’une mer recente dans la region de lom- 
l^onotou, C. R. Acad. Sci. Paris, 15 avril 1901 , pp. 926 -928. , 

^ K. F. Clautier, Etudes Sahariennes, Ann. de Geogr., 1907, XVI, pp.46-69, and pp. 117- 
1^8, in particular p. 129 et seep, map ; idso A travers le Sahara fran<^ais, La Geographic, 
1907, XV, pp. 1-28, 103 et seq., map. The bed of marine Teitiary fossils found by 
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Tliis Tertiary inland sea, — which included the lakes of Timbuktu and 
the Juf, and received from the south-east the waters of the existing upper 
Niger, and from the north-east those of the Messaud, — extended in the 
Miocene period to long. 6” E. (Tamaski, Bututu) ; if we may* suppose 
that the case of the Libyan desert was repeated here, then we may conclude 
that a communication with the Ocean extended across the lower Senegal. 

It is a surprising fact that the Mediterranean deposits of Austria 
furnisli so many species of shells which are still to be found living in the 
Senegal, as, for instance, Adamson s Vagal (Tellmadrigosa), Tugon (Tugonia 
anatina), throe species of Dosinia, and othei’s, although no direct com- 
munication is so far known to liave existed between the Mediterranean and 
the Senegal. Hoemes thinks that the strait of Gibraltar was closed during 
the Miocene period h 

De Lcapparent supposes that the eastern Cretaceous sea communicated in 
the south with the existing ocean. This view is based on the fact that 
Bullen Newton has found middle Cretaceous Aiiinionites at Gongola 
(province of Biauchi, about hit. 11® N., long. 11" E.)*, and also on the 
provsence of Cretaceous and Tertiary fossils in south Cameroon. Ammonites 
obtained from tlie river Mungo are descriljed by Soigtjr as Turoiian or 
lower Senonian; Oppenheim thinks that shells from an adjacent locality 
are probably Eocene, and some fish remains seem, accorrling to Jaokel, to 
indicate upper Tertiary^. 

From various considerations — ^such as the extensive <levcIopment of 
the Cretaceous deposits from this point southwards along the coast ; the 
fact that a large part of western Cameroon is occupied l>y recent volcanic 
rock ; and that on the west side of the I jasalts, in the direction of Old 
Calabar, Dusthi still saw the Cretaceous cropping out from ]>eiioath them — 

Dereims in Mauritania is probal)ly identical with El Hafeira in the western AdEar, here 
stated to be 300 kilometers from the sea. 

' On the original connexion between North Africa and South Europe, J ah rb.k.k. geol. 
Rcichs. 1808, XI I J, pp. 26 30; R. Hoemes, Untersuchung der jungeren Teiiiarabla' 
gerungen des westlichen Mittclmeergcbiete.s, 8itz, k. Akad. Wiss. Wien, 1905, CXIV, 
pp, 467, 637, 737, in particular p. 655; cf. also chapter V, 

* R. Bullen Newton, A noticed of some marine fossils from north Nigeria, collected by 
Col. Elliot and Capt. Lelain, Geogr. Journ,, 1904, XXIV, pp. 522 524. 

® A. V. Koenen, I)ie f’ossilien der Unter-Kreide am Ufer des Mungo in Kamerun, Abh. 
Ges. Wiss. Gottingen, 1897 189!^, new ser., 1, 65 pp. ; F. Solger, Die Fossilien der Mungo- 
Kreide in Kamerun, in E. Esch, F, Solger, M. Oppenheim, and 0. Jaekel, Beitrag zur 
Geologic von Kamerun, 8vo, Stuttgart, 1904, pp. 83-242 ; P. Oppenheim, ttber Tertiiir* 
fossilien wahrscheinlich eocilnen Alter-*, von Kamerun, op. cit., pp. 243-285, and 0. Jaekel, 
Cber einen Torpeniclen und andere Fischreste aus dcin Tertiiir von Kamerun, o]). cit., 
pp. 289 -291, and Grossouvre, Bull. Soc. g«^ol. France, 1904, 4*' ser., IV, p. 839. In the 
plain of South Nigeria,!. Parkinson Ibund lignites, but no fossils, On the Post-cretaceous 
Stratigraphy of South Nigeria, Quart-. Journ. Geol Soc., 1907, LXIII, pp. 308- 312, map. 

* P. Dusen, Orn NW. Kamerun oraradets geologi, Geol. Foren. FOrh., 1894, XVI, pp. 29- 
63, map. 
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we are led to ask whether the middle of the Cretaceous gulf should not be 
placed nearer the mouths of the Niger. 

However this may be, De Lapparent’s investigations show that the 
transgression of the middle Cretaceous probably separated a large fragment, 
formed of ancient i*ocks, from the main body of Africa. The boundary of 
this fragment is given approximately by the courses of the Senegal and 
the Niger. 

The Central Sahara, The little sketch in vol. i, p. 3G0, fig. 41, may 
once more serve as our starting-point. In addition to the meridional 
line from Mursuk to lake Chad, explored by Barth, Vogel, Rohlfs, and 
Naclitigal, we are now acquainted, thanks to the successful expedition of 
Foiireau-Lamy, with another meridional line 4 to 5 degrees further w'^est. 
It extends from Temassanim to Zinder, and its connexion with lak<i ( 'had is 
also known b North-west and west of this point lie regions in which many 
most valuable observations have been made. In our previous description 
(J, p. 35f)) Avc divided the desert into an Archaean, a Palaeozoic, and a 
Cn^taceous-Tertiary zone, succeeding each (.>ther towards tlie north and 
north-east (Libyan desert), find this division still holds good; in the south 
also, fis wo have just shown, the zone of older rocks is succeeded by 
fi Cretaceous-Tertiary zone (Juf-Niger-Senegal). 

Th<‘ boundary of tlie older, and in particular the crystalline, rocks is 
indicated on the south in a very indeiinito maimer owing to the denudation 
of the Cretaceous and the brcjiking up of its border into patches. It may 
he drawm for the jircsent from In Azua to the west- south-'vvest, and it meets 
iat. 2(P in long. V W. On tlui north, this region is bounded clearly enough 
by a long glint of transgressive Devonian sandstone. It probfibly begins in 
the. Tmnru) mountains (lats. 14^-1 5"^ E.), and proceeds as the south slope of 
the Tfizili of the Asjer far to the west-north -west ; then it croswSc‘S the 
soutljern slopes of the rmnarkable hill groups, Muydir and Ahenet, and 
probably disappears a little beyond long. 2' E. From this point on, the 
Devonian retrofits far to the north. 

North of the Devonian zone wm encounter at places fairly well known, 
as, for instance, in the Wady Isvsawam (south-east of Temassanim), and then 
north of the; Muydir and the Ahenet, a zone of Carboniferous which is not 
bounded by a glint. Further north it has been observed at severfil localities, 
as, for instfinccj, in (lurara, and as far as the Atlas. 

A second line of glint, very much cut up, is formed by the (h'etficeous. 
It is very clearlj^ marked at Temassanim (about long. 7" E., hit. 28° N.), in 
the Tinghert, and the neigh Ixiurhood of In Salali. We know that the 
Palaeozoic region spreads out in the east, and the Cretaceous recedes 
towards the Hainada el Ilomra. 

* Fourcaii, Documents scientifiques de la Mission Saliarienne, Mission Foiweau- 
bainy, 2 vols. 4to, and Atlas, Paris, 1905. 
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Let us retrace our steps to obtain a better acquaintance with certain 
details. 

The Arcliaean zone, formed of gneiss, crystalline schists, phyllite, cipolin, 
and granite, is steeply folded; its prevalent north and south strike is a 
noteworthy feature. Patches of Devonian sandstone extend far to the 
north, even into the Air. They lie unconformably, and show how very 
large an area this mantle must once have covered. Quartzites are known, 
extending from the far west into the Fezzan ; they may be recognized by 
their dark, often imleed black, crust, beneath which fracture reveals a pale- 
coloured, often white, rock. Graptolites have been found in slate at two 
localities, and indic^ite the lower part of the upper Silurian. One of these 
localities lies in the Tazili of the Asjer, on Fourcau s route (long. 7® 8' E., 
lat. 25° 50' N.) ; it has been described by Foureau and Hang ; the second 
lies remote from the first, at a place called Hassi-el-Khenig, north of thci 
Miiydir, which will be described later in greater detail ; this discovery was 
first made known by Flamand b 

The north and south strike, interrupted at most by local deflexions, 
which is observed in the Archaean basement and the beds folded in with 
it, dominates all the central part of the Sahara from the Tidikelt (lat. 
27"' N.) onwards, and neither to east, south, nor west are its l)oundaries to be 
found. The beautiful maps of Gautier and Chudeau mark this strike 
between long. 1° and S'" E. from lat. 22° 15' to 19° 30' N., and, with deviations 
to the south-south-west, even in lat. 18^* N. ; Chudeau mentions the meri- 
dional direction even at Ilombori in the bend of the Niger (alout lat. 15® N.)^. 
The distribution of the rocks, however, is even wider, llubei't observed 
the same gneisses and amphibolites, associated as in the north with included 
synclines of (juaiizite, phyllite and marble, througliout Dahomey up to the 
limestones (possibly Cretaceous) of the coast region. 

They are known on the Niger between lats. 15® 30' and 10" 30' N., and 
their numerous short ridges of gneiss fonn tlie hill range of ALacopa. 
Their strike is strictly north and south to about lat. 10® N., then they 
bend into a south-south-w^est direction and so continue down to Abomay 
and beyond. The .same structure may also be seen in a great part of Togo. 
On the Niger and in the district of Gurnia there is an nnconformable super- 
position of quartzite of unknown age^ Haug, contrasting these folds with 

' F. Foureau, op. oit., H, p. 585 ; Hau^, tom. cit., p, 75;i. The first reference occurs in 
Munier-Chalmas, Travaux scientifiques, 4to, Lille, 1903, p. 94 (cf. also note, p. 22 ) ; (L 3. 
M. Flamand, Siir Texistcnce de schistca a graptolithos a Haci-el-Khenig, 0. R. Acad. Sci., 
Paris, 3 avril 1905, pp. 954 -957. 

^ Fi. F. Gautier, A travers le Sahara fran 9 ais. La Geographie, 1907, XV, pi. 1 ; Chudeau, 
L’Air et la region do Zinder, op. cit.; pp. 321-336, pi. IV, and D’ln Zize a In Azoua, 
op. cit., pp. 401-420, pi. V. 

* H. Hubert, Eswiuisse preliminairc do la geologie du Dahomey, C. R. Acad. Sci. Paris, 
21 oct. 1907, pp. 692-695. 
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the comparatively undisturbed position of the transgressive Devonian, has 
compared them with the Caledonian system of Europe, at the same 
time remarking that, as far as existing observations extend, the transgression 
begins with the graptolite shales*. 

The basement has indeed two characters in common with the Caledonides 
of Europe ; the first is seen in the prolonged submeridional strike (north of 
Norway to the Mendips, 18 to 19 degrees of latitude, exclusive of the 
traces in Spitzbergen ; Tidikelt to South Dafiomey, 19 to 20 degrees of 
latitude), manifested in long, often rectilinear ranges whicli do not exhibit 
the curved trend-lines of later mountains, and scarcely seem to combine into 
one principal chain. The second character they have in common is their 
age ; in Europe, pre-Devonian, in Africa, pre-upper-Silurian. The slightly 
earlier date of the African ranges seems to place them in the same relation 
to th(^ Caledonides as the folds produced at the time of the Culm bear to 
those of the Altaides, which followed the same plan in late Carboniferous 
and pre-Permian times. In accordance with the principles of tectonic 
classification we have hitherto adopted, we may tissign them to the sub- 
meridional, sublinear system which was completed in Europe before the 
deposition of the Devonian, and in Africa oven before that of the upper 
Silurian. It may, however, be objected that the unconformity at the 
haso of the African ranges may be much older than the graptolite 
shales ; we shall therefore term them, following a suggestion in an in- 
structive letter from M. Chudeaii, the Caledonides of the Sahara or the 
Saharides. 

To llaug, also, we owe the recognition of the transverse trend of the 
pro-Permian chains and the gradual constriction of the space from north to 
south in the direction of the Alpine chains. As related to Europe, Africa 
is only a southera continent ; as related to the globe, it is an equatorial 
continent. 

As we proceed from north to south in the eastern hemisphere we 
encounter first a Caledonian structure whicli (apart from the indications in 
Spitzbergen) extends from the north of Norway to the Mendips; then 

cross the Altaides of France and Germany, next the Alpides and the 
Mediterranean Altaides extending to Tunis and Algiers, then again another 
bolt of Altaides, which will bo described directly, and finally, to the south 
of these, we discover the Saharidcs. Much further south, however, in Cape 
(k)lony, there exist the remains of another folded system tunied towards 
the north, which recalls in many respects the Asiatic chains. 

The Devonian will doubtless prove, on closer investigation, to present 
just as varied a development in the Sahara as in tlio Fezzan. Flamand has 

^ * Haug, La structure g^ologique du Sahara central, Tiii Gcographie, 1905, XII, pp. 297- 
'104 et passim ; for the constriction see also R. Cluideau, C. R. Acad. Sci, Pari«, 2 oct. 
1905, p. 566. 
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found Galceola samlaUrta in the Gurara^, and Gautier mentions upper 
Devonian with Clymenia and Goniatltes retrorsus. Particularly note- 
worthy is the occurrence of American forms in South Africa, and especially 
Hang’s discovery of the TropidolepUis carinatiis fauna (Hamilton stage 
of North America) in the desert situated to the west of the Ahenet^. 

The Carboniferous found at Igli belongs to the lower division of that 
system. From the Erg dTssawan a number of species characteristic of the 
Carboniferous of Moscow and the Urals are cited, but so far neither 
Fusulina nor Schwagerina has been met with. Some doubt exists with 
regard to the highest stages of the upper Cartoniferous. 

Permian, Trias, Lias, Oolites, and Neocomian are absent from tlie 
Central Sahara. A stage represented by variegated clay and gypsum, with 
associated remains of fishes and Dinosaurs, occurs at the Ixise of the 
Cretaceous glint l>elow the ty})ieal Cenomanian. Hang has described it as 
the Geratodus stage It has been assigned to the Albian because it occurs 
beneath the Cenomanian ; but it contains no fossils cluiracteristic eitl\er of 
the Albian or the Cenomanian, and on account of its lagoon-like characters 
it must be regarded as introducing the transgression, tlius recalling the 
plant-bearing Perutz beds of Hohemia, or the phosphorite beds which occur 
in England, e. g. near Cambridge, beneath the transgressive upi)er Green- 
sand. It corresponds to Chudeau’s Tegama stage, whicli <.)ccurs l)e tween 
Zinder and Agad^\s in the south. 

North of In Sahili the Cretaceous glint changes its character. I’lie 
plateau of Tademait is a platform of Turonian dolomite which ends in a 
steep slope towards the south-c^ast (Jebel cl AIjiodh) and north-west (el 
Eaten), and assumes in an orographical sense the I'dle of the glint. The 
Cenomanian is but feebly njprosented. Beueath it lies sandstone witli 
gypsum, concretions and fossil wood on the horizon of the (Jeratodus l)eds; 
it covcr.s a large ar(.‘,a and is water-1 )eaiing. Still fui'thor north, in the 
direction of the Great Atlas, the same Ijorizon exhibits sandstone with 
included tree-trunks which have been described as Neocomian, 

At many points extinct volcanos occur; reference lias already lieen made 
to mount Tarso in the Tiljcsti, and mount Tekinduhir in the Air. Tlie latter 
lies at the south foot of mount Eaghsem, but, althougli crystalline rocks arc 
alone mentione<l as fx?curring in this mountain and those following it towards 
the north, yet the basaltic sheets and the scoriae which all travellers 
desci'ihe on the road in the w^e.st learling to Agmles show that this is an 

’ G. B. M. Flamand, Sur la prt'sence du dfivonien Cahrohi sandallna dans le Sahara 
occidental, C. R. Acad. Sci. Pari.s, juillet 1901, pi>. G2 -64. 

“ Hang, Sur les fossilea devoniens do rAbenct occidental recueillis par M. N. Villatte, 
C. R. Acad. Sci. Paris, 4 dck'. 1905, pp. 970-972, and Nonvelles donnees paleontologiriuea 
sur le Dth'onien de PAhenet owidental (Mission de MM. Chudeau ct Gautier), op. cit., 
19 mars 190G, px^. 732-734. 

* Haug in Fojireau, Documents scientificpTes dc la Mission Saharienne, II, p. 814. 
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important eruptive region. Chudoau’s map marks the virhole chain from 
the Baghsem mountains onwards (Baghazam, lat. 17“ 45' to 20“ N.) as a 
meridional series formed of Tertiary eruptive rock. Fourcau speaks of the 
peaks of Aggatenc and Diguallane in particular as volcanos. Similar 
centres of eruption have been pointed out by Bartholomew Barth, whose 
observations, together with those of Duveyrier made in the Ahaggar, and 
others still later, have been collated by Gentil In the Ahaggar especially 
the eruptive centres appear to be extremely numerous. Further west 
attention has often been called to the isolated In Ziza (south of the Ahenet). 
The volcano Tokout already described by Overweg lies below the 
Devonian glint of the Tazili of the Asjer; its lava flows consist of olivine 
tephrite. The Wady Igharghar, once the principal river of these regions, 
flows to the north and has carried out scoriae and lavas even into the 
great Erg. 

AUaides of the Sahara. In 1900 Flamund reported that indications of 
prC'Perinian (Hercynian) folding exist in the Sahara. In particular he 
pointed to a little chain, Ain Kahla (or Jebel Asas), almost meridional, 
and to the locality El Khenig situated within the chain. This little 
chain emerges from the flat-lying Crctiiceous between lats. 27“ and 28“ N., 
near long. 3“ 14' E., and runs south-south-cast to disappear in the mass of 
the Muydir, It is certainly younger than the lower Carboniferous and 
oldci’ than the Ceratodus stage at the base of the Cenomanian^. 

Let us leave this place and seek for information much further north. 

Near long. 1“ 30' W. and lat. 32“ N. lie the localities of Figig and 
Bechar; this region lia.s l>ecn described by Gautier and Flamand"\ 

* L. Gontil, in Foureau, Documents, &c., II, p. 724 et seq. 

* (t. 15. M. FUimand, Une Mission d’exploration scientifique au Tidikelt, Ann. de Geogr., 
1900, IX, pp. 233-242, map. Flamand marks as El Klienig some * aretes rocheuses 
vives’ and a little incision in the chain of Ain Kahla (= Jebel Asas) (Ann. de Geogi*., 
1900, IX, p. 241), while Ilaci el Khenig is marked on Gautier’s map far to the south-west 
of this point on the Wady Botha (La Geographic, 1904, X, pi. I). This place probably 
corresponds to the confluence of the Wady el Khenig, which descends from the Jebel 
Asas (taken from Flamand's map and Pelet’s Atlas des Colonies fran^aisea) along with 
the Wady Botha. Thus this point would lie in the midst of the Carboniferous. The 
folding and the discovery of Graptolites certainly correspond with its upper course, 
which is 60-80 kilometers distant. 

G. B. M, Flamand, Aperyu general sur la geologic, etc., dii Bassin de TOued Saoura 
(from the Documents pour servir a I’etude du Nord-Ouest Africain), 8vo, Alger, 1897, 
166 pp., map ; E. F. Gautier, Rapport sur une Mission geologique et geographique dans 

region du Figuig, Ann. de Geogr., 1905, XIV, pp. 144-166, map ; for the region succeed* 

on the south, Sahara Oranais, op. cit., 1903, XII, pp. 235-259, map ; also l^tudes 
Sahariennes, op. cit., 1907, XVT, pp. 46-69, map, and Flamand, C. R. Acad. Sci. Paris, 
16juillet 1907, pp. 211-213; also Ficheur, Sur Fexistence du terrain carbonifere dans 
a region d’lgli, C. R. Acad. Sci. Paris, 23 juillet 1900, p. 288 ; A. Thevenin, Note sur 
os Foasilcs du Carbonifere inf^rieur dn Djebel Bechar, Bull. Soc. geol. Prance, 1904, 4® a^r., 
IV, pp. 818-822. 

BOLL&S it CT 



98 THE AFKIOAN ALTAIDES [party 

Jebel Grouz (1,800 meters), near Figig, is a steep east and west anticline 
of Lias and Oolite, which, continuing the lofty chain of Ksour to the west, 
forms part of the Mediten-anean Atlas. A smaller Jurassic chain, the 
Jebel Melias, lies on its south side ; the Jurassic limestone is here oveiiunied 
towards the south on to the Cenomanian (i. e, over the sands of its foreland). 
This locality marks the boundary hetzveen the Mediterranean Atlas and 
its foreland. 

From this point onwards, as Gautier remarks, we enter another world. 
Instead of broad stretches of sandy desert or Cenomanian, as on the whole 
of the south side of the Mediterranean Atlas, we now see great mountains 
running to the south-west. 

A longitudinal valley, 130 kilometers in length and 900 meters in 
height, runs between these mountains to the south-west, from Figig to 
Bechar. Jebel Aiitar (1800 meters) in the north is formed of Carboniferous 
limestone. The valley is occupied by Cenomanian, the military station of 
Ben Zireg stands on steeply upturned Devonian. Jebel Becliar (1,400 
meters) on the south side of the vallej'^ is a very long and Inroad ridge 
of Carboniferous limestone, which dips to the north-west; this is joined, in 
a manner not clearly defined, by marine middle Carboniferous, then follows 
green sandstone containing the upper Westphalian (Schat/.lai') fiora, as 
shown by Neuropteris giyantea and other species, and lastly the uiicon- 
formable Cenomanian. 

This range is followed by others parallel to it, in particular by the 
Jebel Mezarif, on the other side of the Wady Susfana, which flows in 
a second longitudinal valley. 

This zone of parallel chains, together with tlie two longitudinal valleys, 
dates from a period of folding more recent than the lower Carboniferous 
and older than the Cenomanian, It diflers in direction and stratigraphical 
sequence from the Mediterranean Atlas, although scarcely 12 or 15 kilo- 
meters of flat-lying Cenomanian beds sepaiute the Devonian of Ben Zireg 
from the Jurassic limestone of the Atlas. 

Although the gap between the lower Carboniferous and the Cenomanian 
renders it impossible to precisely determine the age of these chains, y’^et the 
French investigators are probably correct in assigning them to the pre- 
Permian (Hercynian) assemblage, that is to the Altuides. 

Jebel Bechar is the longest and most important of the group. It bends 
in an arc out of the south-west into the south-south-west direction, and 
reaches Igli along with the Wady Susfana. Just above this place the 
Wady Susfana and the Wady Gir unite to form the Wady Saura, and from 
this point onwards the chain decreases constantly in height. Near lat. 
30*^ N. upper Devonian advances with a somewhat divergent south-east 
strike to the line of the Wady Saura, and Devonian rocks with a south- 
south-easterly direction accompany the Wady Saura down nearly to Buda 



THE GEEAT ATLAS 


99 


CH. Ill] 


in Tuat (about lat. 28** 5' N., long. 0® 15' W.). Thus for four degrees of 
latitude the line of the Susfana and Saura marks the course of the older 
folding. In front of this line there lie, however, especially near lat. 29® N., 
repeated traces of completely denuded folds of middle and upper Devonian, 
which finally disappear beneath the sandstone of the great Cretaceous 
platform of the Tadmait and the Turonian glint of the Baten. 

Between lats. 26® 30' and 27® N. the Wady is interrupted, and nothing 
is known of the substructure ; further south, however, the Wady Susfana 
I’eappears as the Wady Msaud, and turns, as stated by Gautier, in contra- 
diction to previous observers, to the south-west, i. e. towards the Juf. Then, 
slightly further to the east, traces of the ancient folding again make their 
appearance, becoming less and less distinct, until they once more become 
clear north of the Ahenet and the Muydir. 

Here we again follow a description by Gautier b 

Near In R*Ar (about lat. 27° N., long. 2® 15' E.) a steep, almost meri- 
dional, anticline of Carboniferous crops out. Whether or not it is repeated 
in mount Ahenet is an open question. The broader folds of the eastern 
Ahenet and the western Muydir also demand further study. In about 
long. 3® 20' E. a sharp anticline rises out of the Cretaceous. Tliisis Flamand’s 
Ain Kahla or Jebel Asas; the Graptolites of el Khenig probably come 
from it. At first it strikes south -south-east, then follow two long hills 
directed almost to the south, until, after a course of about 80 kilometers, 
the anticline enterjj the most northerly part of the Muydir. 

The separate course of the several folds, as well as their general dis- 
position, indicate a virgation ^vkic/h near Figlg, advances as an arc in 
front of the much younger folds of the . Mediterranean A tlas {in lat. 
32° 15' N.) ; its branches turm out of the south-ivest into the souths then into 
the south-south-east, and finally again into the south direction. It is ^noic 
himvn to extend nearly as far south as lat. 26® N. 

The Great Atlas. The Mediterranean Atlas belongs to the Alpine 
chains. It is formed to no small extent of folded Mesozoic beds ; its inner 
side fiices towards the north ; it bends in an arc in the Rif, crosses the sea 
in the Pillars of Hercules, and is continued in the Betic Cordillera (I, p. 221). 
To the south of it the maps mark radiating branches or coulisses striking 
to the south-west beyond Fez, and then a broad wedge-shaped strip of land, 
interrupted in an irregular fashion by shorter chains, which occupies the 
whole of the coast between cape Spartel and cape Ghir, a distance of more 
than 5 degrees of latitude. 


' E. P. Gautier, Le Mouidir-Ahnet, La Geographic, 1904, X, pp. 1-18, and pp. 85-102, 
^ap. While this volume was in the press the following works have appeared : Gautier et 
Chudeau, Esquisse geologique du Tidikelt et du Mouidir-Ahnet, Bull. Soc. geol. France, 
1907,4® ser., VII, pp, 195-218, map ; and Chudeau, Excursion geologique au Sahara et au 
Soudan, tom. cit., pp. 319-346. 

n a 
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This wedge-shaped strip is often, but incorrectly, described as the fore- 
land of the Great Atlas ; as a matter of fact the Great Atlas does not even 
reach cape Ghir. On the south side of this supposed foreland rises the long 
ridge of el Jebilet (the Little Atlas; el Jebel is the Great Atlas). This 
slopes away on the south to the plain of the Hauz, i. e. to the Wady Tensift, 
and the town of Marrakesh. Then further south the land rises rapidly 
xintil the Great Atlas is reached. Many of its peaks exceed 3,000 meters in 
height; and one of them attains 4,500 metera. On the soutli the great 
range descends to the Wady Sus. 

North-east of the sources of the Wady Sus, still among the slopes of the 
Great Atlas, lie the sources of the Wady Draa. Between them rises a 
remarkable part of the range, which bears the Jebel Sirua and unites the 
Great Atlas with the Anti- Atlas situated to the south of the Wady Sus. 
The Wady Draa turns to tlie south-west, surrounds the hills of the Jebel 
Sirua, and thus readies the south side of the Anti- Atlas. 

Joseph Thomson found that the Jebilet is formed of ancient fmeta- 
morphic) folded rocks, whicli strike north-north-east transversely to the 
direction of the hilly ridge, and he suggested that this strike might be 
continued across the Wady Tensift and through Marrakesh into the foot- 
hills of the Great Atlas. The blunted outlines of the great ranges attracted 
his attention ; he also succeeded in showing that the western end of the 
range sinks in a rapid slope and does not reach the sea. In fact we may 
place its termination about 60 -70 kilometers inland froi^:i cape Ghir b 

According to T. Fischer, the covering formations of the so-called foreland 
rest upon the same folded basement rock as that described by Thomson in 
the Jebilet, and this crops out even on the coast between Cavsabianca and 
Rabat. Fischer was reminded of the Variscan arc and the Spanish 
Meseta 

This comparison has been confirmed by the work of French investi- 
gators ; Brives and Lemoine have made us familiar with the north of the 
Great Atlas; L. Gentil lias crossed it four times at frequent peril of 
his life^. Many questions must still remain open, but as regards the 

* J. Thomson, The Geology of South Morocco and the Atlas Mountains, Quart. Jourii. 
Geol. Soc., 1899, LV, pp. 190- 213. 

* T. Fischer, Wissonschaftliche Ergebnisse einer Reise im Atlas-Vorhinde von Marokko, 
Peterm. Mitt., Erganzungsheft no. 133, 1900, 165 pp., maps, in particular p. 152 et seq* 
The appearance of Schnell’s map of the Moroccan Atlas range soon after this work must 
also be regarded as an important step in advance, ibid. no. 103, 1892, 119 pp., map. 

® Here wc will only mention the latest and most comprehensive works on this region. 
A. Brives, Lea terrains cretaces du Maroc occidental, Bull. Soc. gcol. France, 1905, 4" ser., 
V, p)). 81-96, map ; and Contributions a Petude geologique de PAtlas Marocain, tom, cii., 
pp. 379 398, map; also L. Gentil, Observations geologiques dans le Sud-Maroc, tom. cit., 
pp. 521 523 ; Contributions a la geologic et la geographie physique du Maroc, Ann. do 
Geogr., 1906, XV, pp. 133-151 ; and Note sur Tesquisse geologique du Haut Atlas occi- 
dental, op. cit., 1907, XVI, pp. 70-77, map : Mission de Segonzac, Exploration au Maroc, 
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region extending from the sea to the meridian of Demnat (long. 6* W.) we 
possess the following observations : — 

Two systems of folds are present in Morocco. The first is of pre- 
Permian age and strikes N. 20® E. ; further east it strikes more to the north 
or even north and a little east. The second is of Tertiary age with a strike 
to nortli-east or east-north-east; this forms the Mediterranean (Alpine) 
chains. 

The difference both in the strike and'^the age of the folds is just as 
clearly marked in these two systems as it is in the Atlas of Oran and the 
Jebcl Bechar, or in the Betic Cordillera and the Meseta. 

The pre- Permian folds, as already stated, crop out on the coast between 
Casablanca and Rabat; they form a large part of the Jebilet, the neigh- 
l)Oiirhood of Marrakesh, and the Great Atlas. Gneiss, granite and ancient 
scliists, Silurian (Graptolite slates and Orthoceras limestone), Devonian and 
lower Carboniferous are known to occur in them. The Permian, very often 
associated with eruptive rocks, is either invariably cut off by a dislocation, 
or nnconformably superposed, as in the case of the cap of red sandstone 
resting upon ancient schist near the pass of Tizi n Teluet (Glaui) b Not 
infrcHpiently unconformablc superposition is only mentioned in connexion 
with the Permian and Cretaceous, as in the Pyrenees and Bohemia. 

In tlie west, the pass of Bibaun, through which Oskar Lenz began his 
fiinious journey, and the line of the Wady Mussa, which joins the Wady Sus 
Ixitwcen Tarudant and the sea, mark the region where the pre-Permian 
chain of the Great Atlas descends beneath the yoTinger rocks. 

Of the more diversified tract to the cast it is much more difficult to 
obtain a general idea. Rohlfs has touched upon the southern part, and 
some liglit is obtained from GentiPs discoveries. 

It has already been stated that the sources of the Wady Draa lie within 
tile region of the Great Atlas, and to the north-east of those of the Wady 
Sus. The two Wadys are separated at their soui'ce by a broad ridge, 
forme<i of granite, gneiss and crystalline schist, which runs north-east 
from tlie Anti-Atlas into the Great Atlas. It descends to the plain of the 
upper Draa, and there we find, near Tikirt, horizontal chalk marl apparently 
surrounding its foot. Ancient rocks identical with those of this ridge form 
the high plateau of Alt Khzama (2,000 metei*s), and are known within the 
Oreat Atlas up to the summit of the pass of Tiz n Tar'rar (about 
3,500 meters). 

Between the Wady Draa and the Wady Sus this ancient foundation, 
cliiefly granitic, supports the wide recent volcanic region of the Jebel Sirua 
'vith its ruined craters, trachytic flows, vseoi'iae and ashes. North of this 

8vo, Paris, 1906, 364 pp, ; P. Lemoine, Mission dans lo Maroc occidental, Rapport an 
oinit6 du Maroc, 12®, Paris, 1905, 233 pp., map. 

hemoine, Mission, etc., p. 191, fig. 50. 
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region it also forms a great part of the district of Tameldu, and still further 
north the same foundation bears a vast intiss of Permian eruptive rocks, 
including the lofty peaks of Jehel Tamjurt and Jehd Likmat (both about 
4,500 meters). 

To the east of this tract, as we proceed from Tikirt to the north, we 
come first on the already montioned horizontal Cretaceous of the Wady 
Draa, which here, as in the north, contains gypsum. In the Asif Imar’ ren 
the road runs upwards through Cretaceous, beneath which the red Permian 
is visible. This j^ounger covering persists as far as the pass in Glaui, 
which lies in ancient schist. 

iThcnce the road turns towards the east, skirting the Jebel Au*rmer. 
Richly fossiliferous lower Carboniferous now crops out, and Gentil thinks 
it not impossible that this may prove to continue along the south side of the 
range as far as the lower Carl>oniferous of the Jebel Bechar, i. e. that the 
pre-Permian movAitairi^ surroimd the Mediterranean folding on the itouth 
even in the Tafilet and to the ead of it. 

The great Jebel Aii'rnier consists, like the other high peaks, of Permian 
eruptive rock, here resting on the lower Carboniferous. Once more we 
come upon red Permian ; Jurassic limestone is also mentioned. Near Ait 
Mdual, south of Demnat, black Graptolite slate crops out from beneath the 
unconformable Permian. Before reaching Demnat we are already sur- 
rounded by the Mediterranean folds with their characteristic strike to tlie 
east-north-east. These form for some <listance, certainly as far as Rabat, 
and even beyond, the south border of the plain of Marrakesh, Possibly 
they border the whole north side of the Great Atlas ; but there seems to be 
some difference of opinion on this point 

Between the pre-Permian outcrops of the west coast and tlie Jebilet 
several younger shorter anticlines extend through the so-called foreland to 
the south-west or west-south- west. The strata exposed in these anti- 
clines were not deposited in deep water. The red Permian can only with 
diflScuIty be distinguished from the red Trias, which contains gypsum and 
salt, and, as in the Pyrenees, ophite also; the Jurassic, especially in the 
west, is either but feebly developed or entirely absent ; the lower Cretaceous 
is present ; the Cenomanian occurs in transgression, and, as in the Sahara, 
frequently begins with deposits of gypsum. 

One of the most imporUint of the anticlines is the Jebel el Hixdid (tlie 
iron mountain, 666 meters, strike south-west), between the Wady Tensift 
and Mogador. According to Lemoine, vertical Trias is exposed along its 

* Lemoine, Mission, etc., pp, 183-197. From the section of the Wady Reraja given 
here it appears m though the Cretaceous beds of the Hauz had subsided from the north 
border of the Great Atlae. Buch a subsidence is clearly indicated by Brives et Braly, Bur 
la constitution g^ologique de la Plaine de Marrakech, Bull. Soc. geol. France, 1906, 
4« ser., VI, pp. 56 66. 
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axis^ Further anticlines follow; they are less sharply defined, but reveal 
Trias or even Permian beneath the Cretaceous, and all decrease in height 
towards the sea. One of these anticlines reaches cape Tafetneh, a second, 
cape Ghir, and a third, Agadir n Irir. 

Thus from the south-west of Europe a great branch of the Altaides, 
sometimes, it is true, interrupted and concealed from sight, but still clearly 
recognizable, extends with a strike to N. 20® E. (in the cast with a north and 
south strike) through Casabianca, the Jebilet, Marrakesh and the Great 
Atlas at least as far as the Wady Sus and the sources of the Draa till it 
reaches the meridian of Demnat. Numerous patches of Permian and 
Cretaceous rest on the Great Atlas; its highest summits are of secondary 
and eruptive origin, in part of Permian (e. g. Likumt), and in part of much 
more recent age (Sirua). 

The range situated further to the east is almost unknown, although it 
presents some lofty peaks (e. g. Jebel Uriul, 4,250 meters). Information 
concerning the Anti- Atlas in tlie south is also extremely scanty. Gentil saw it 
from the north-east and believed it to be a folded range. The descriptions 
and sketches furnished by Lenz seem to suggest that the structure of the 
Great Atlas finds its prolongation in the western and southern portion of 
this chain. At Fum-el-Hossan (lat. 28® 30' N.) vertical beds of qiiartzose 
sandstone of unknown age occur. The lower Carboniferous was traced by 
Lenz down to lat. 26® at least‘s. According to Flarnand the Hammada 
el Avicha, north of Taudeni (lat. 21® 30' N.), also consists of lower 
Carboniferous'*, which there lies horizontal. 

Gentil states that, according to the accounts of Dereims, sandy Devonian, 
folded and with a strike slightly east of north, occurs in the northern 
Tagant ; that, according to the observations of Gc^rard, it also makes its 
appearance at Tijikja (Tagant; lat. 19® N., long. 9® 30' W.) ; and further, 
that, according to the observations of Gruwel, it occurs beneath the dunes 
of the Baja del Galgo (wdthin cape Blanco, lat. 21° N.)^ For the sake of 
coinplctimess we may add that Dumont also met with folded schists and 
limestones, the latter containing Stromatopora, on the Congo, between lat. 
5® 1 5' and lat. 4® 45' S. about 

We cannot arrive at any definite conclusions from the observations made 
at these points, so far remote from one another, yet it seems probable that, 
as a pre-Permian virgation extends far to the south in the central Sahara, 
•so pre-Perm ian off-shoots may also exist in Mauritania. 

' P. Lemoine, Sur la constitution du Djebel Hadid, C. R. Acad. Sui. Paris, 6 fevr. 1905, 
PP. 393, 394. 

“ 0. Lenz, Timbuktu, 8vo, Leipzig, 1884, IT, pp. 3, 10, 21, 49 et passim. 

tr. B. M. Flaniand, Sur la presence du terrain carbonifere aux environs de Taoudeni 
^Sahara, SE.), C. R. Acad. Sci. Paris, 17 juin 1907, pp. 1387-1390. 

fientil, Ann. de Geogr., 1907, XVI, p. 74. 

* E. Dupont, Lettres sur le Congo, 8vo, Paris, 1889, 724 pp,, map, pp. 385, 504. 
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CHAPTER IV 
THE ALPS 
I. Western Part 

Situation of the Alps. Progress of investigation. Division of the Alps. Zone of mont 
Blanc. The Carboniferous fan and the Brian^onnais. Recumbent sheets. The Glarus. 
The Simplon and Tessin. Ivrea. From the Dora Baltea to the Gesso. From the Gesso 
to the sea. The Alps in Corsica. Relations to the Apennines. 

The peculiar lie of the Alpine chains follows from the facts presented 
by north Africa, as described in the last chapter. It will conduce to clear- 
ness if we give a collective name to these chains, the middlemost of which 
are the Alps themselves, and we shall therefore term them the Alpides, 

The Alpides belong to the posthumous Altaides. They extend from the 
Black sea to Gibraltar. To the north of them lie the pre*])evonian Caledonides 
with a submeridional strike, and to the south, with a similar strike, the 
slightly older Saharides. Between the Caledonides and the Saharides, with 
a transverse strike indicating a new phase of mountain formation, lie the 
remains of the pre-Permian Altaides, broken up into horsts and extending 
in an arc from Silesia tlirough Germany, France, Spain, and Morocco to the 
Jebei Bechar near Figig. The pre-Pennian Altaides form the frame 
within w^hich the Alpides have been built up, 

A glance at the terrestrial merirlian which runs through Spitzbergen 
and the cape of Good Hope shows that so far as it is accessible to investiga- 
tion this outer frame encloses the only area in vihich, from the extreme 
^MTth to the extremie south, pod'-Ferynian folding has taken place on a large 
scale. The mountains at the cape are at latest of Permian age. The post- 
humous folds of the London and Paris basin and the other posthumous 
Altaides attain only a trifling development. We may a.ssert without 
exaggeration that almost the whole of the contraction vihich has occ/iirred 
since the Carboniferous ejioch in a great meridional section of the globe 
has found expression within this frame. This, in substance, has already 
been recognized by Haug. 

At the same time the Alpide.s are not so independent of the Altaides, as 
the Altaides are of the Caledonides and Saharides, It is thus easier to 
l^inprehend why, in spite of the close relations existing with Asia, fre« 
eras should yet appear both at the eastern and western extremities of the 
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Alpides ; at the western extremity they are seen in the Balearic isles, and 
at the eastern extremity in the east Balkans, the spur of Valeni and the 
most easterly and most interior fold of the Jura mountains (Gisli-fluh- 
Kistenberg, continued in an anticline of the Molasse) 

The frame, however, is open to the east and south-east. It is sur- 
mounted by the Alpides, where the Sudetes disappear beneath the Carpa- 
thians, and where the border of the Russian platform as well as the 
Cimmerian mountains are overwhelmed, but further south a large area lies 
open between the Crimea and Figig. This belongs to the Sahara and the 
marginal arc of the Dinarides. In that arc, as we have seen, an inter- 
Carboniferous basement is present, but the foldings have been continued on 
the same plan into the Tertiary aera, and they are directed towards the 
south. Here, therefore, Asiatic characters are predominant (III, p. 422). 

This fragment of the peripheral Asiatic structure, although folded to 
the south, is, as a whole, intruded on the north-west into the frame of the 
Alpides, and has so deeply influenced their development that the breadth of 
the Alps in the meridian of Innsbruck is reduced to about 100 kilometers. 
Thus tlu^ contraction of the planet is expressed in this area in two ways : 
(1) by that collective movement of the Dinarides, which does not proceed 
from folding, and (2) by the accumulated dislocations of various kinds, 
to which the Alj)ides owe their origin. During this process a constriction 
of the frame has taken place from the south-east, and it is a remarkable 
fact that the Dinarides, unlike the Altaides, never become a passive reslstent 
foreland, but they rather assume, as for instance in the Brenner, the character 
of a backland, and exert a certain amount of thrusting action. 

Let us first consider the Alps themselves. 

Progref^s of invedigation^ Five states, Italy, France, Switzerland, 
Bavaria, and Austria, claim a share in this noble mountain range. This 
fact, in itself, had created a certain local inequality in scientific work at a 
time when neitlier the means of communication as a whole, nor the means 
of access to the mountains in particular, nor again the topographical maps, 
were at all comparable to those of the present day. 

The work has proceeded in the order prescribed by the inductive method 
and the nature of tlie subject. 

First came the analytical, descriptive stage. Escher and Studer’s map 
of Switzerland and Franz von Hauer’s map of Austria may serve as monu- 
ments of this period. 

These were soon supplemented by attempts at local synthesis. We may 
mention Escher s first sections of the so-called double fold of Glams, Desor s 
‘Attempt in 18G5 to arrange the central masses of Switzerland in concentric 
fi^rcs, and Lory’s proposal in the following year, 1866, to attribute the struc- 

' Miiblberg, Arch. Sci. phys. et nat. Geneve, 1904, p. 37 (Ber. Schweiz. Naturf..Qe8. 
Winterthur). 
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ture of the Frencli Alps to fractures : a careful perusal of Gerlach's works, 
also written during this period, will discover many ideas which anticipate 
research of a much later date. Tlien by degrees, as the area taken into 
consideration extended its bounds, the unity of the whole Alpine system, 
the passive character of the central masses, the unilateral structure, the 
general movement to the north, and the dam -like action of the foreland 
were brought into relief. As early as 1877, F. Teller observed that the 
calc-phyllites dipped beneath the south-east side of the gneiss mountains of 
Oetz and Stubai, as though tlie calc-phyllites were inserted in a mighty fold 
of gneiss, inclined obliquely to the north-north-west b 

Trend-lines were determined for the Alps; the Carpathians and the 
Apennines were brought into connexion with them ; the Dinarides separated 
ofT. As the ground plan gradually disclosed itself, a great advance was 
m^ule in the interpretation of the inner stnicture through Marcel Bertrand's 
comparison with tlio Belgian coalfield set forth in 1884, and the demonstra- 
tion this afforded that great masses may be transported l)y a horizontal 
movement (charriage) The resemblance was recognized between Desor s 
first zone of the central masses of Switzerland (Mercantoiir, Pelvoux to 
mont Blanc and the Rhine) and the Variscan foreland. 

This resemblance was established in 1880 by C. Schmidt'^; in 1890 
Michel Levy went a step further and compared the structure of mont 
Blanc with that of the Central plateau^; and, in 1891, Kilian definitely 
asserted that these central masses are parts of the foreland 

Meanwhile the East became alive to the necessity of comparison with 
the West : the result was Noe's general map of the entire range of the Alps® 
published in 1890, and Diener’s work on the west Alps, published in 1891, 
which led to the establishment of the zone of the Brian^onnais 

A difference of opinion acted as a check on the works of French and 
Italian investigators. In Italy the lustrous schists (schistes lustres) were 
regarded, in accordance with the views of Gastaldi, as Palaeozoic or pre- 
Palaeozoic rocks, and this hypothesis found an able advocate in Zaccagna. 
Lory believed them to be Mesozoic. Opinions wavered until Marcel 
Bertrand, in 1894, finally assigned them to the Mesozoic aera, except in 

^ F. Teller, Verb. k. k. geol. Reichsanst., 1877, p. 233. 

* M. Bertrand, Rapports de structure des Alpes de G laris et d’un bassiii houiller du 
Nord, Bull. Soc. geol. France, 1884, ser., XII, pp. 318-330, map. 

® C. Schmidt, Zur Geologie der Schweizer Alpen, 8vo, Basel, 1889, 52 pp. 

* Michel Levy, Ititude sur les roches crystallines et eruptives des environs du Mont 
Blanc, Bull. serv. Carte geol. Fiance, 1890, no. 9. 

* W. Kilian, Notes »ur rhistoire et la structurt- des chaines alpines de la Maurienne, 
etc.. Bull. Soc. geol. Prance, 1891, 3° ser., XIX, pp. 571-601, e. g. p, 642 : ‘Fnigments re- 
manies de Tancienne chaine hercynienne’, 

® Franz Noe, Geologisclie Ubersiebtskarte der Alpen, 1 : 1,000,000, 2 sheets, Viennii, 

1890. 

* Cad Ber Gebixgsbau der Westalpen, 8vo, Vienna, 1891, 243 pp., map. 
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SO far as Tertiary formations might be involved ^ Not long afterwards 
Franchi and Stella confirmed this conclusion by the discovery of Mesozoic 
fossils 

Marcel Bertrand s views on overthrusts had by this time been further 
develoi)ed. In the west, Kilian and Haug described recumbent sheets 
outside the limits of mount Mercantour and mount Pelvoux. Schardt, an 
early pioneer, drew instructive sections showing great horizontal inoveinents 
la the neighbourhood of lake Geneva, Irr'1901, Lugeon was aide to show^ 
that not only the Helvetian Alps which lie outside, or north and west of, 
the zone of mont Blanc, are overfolded for a great distance and thrown into 
Hakes, but also that great parts of the range lying on the inside, and south 
and east of this zone, have been carried out over it on to the outer chains. 
The whole of the Chablais and the Freiburg Alps are transported masses 
of this kind 

Further east the long and labr)rious investigations of Heim in the 
region of the double fold of Glarus have led him to accept the view held l>y 
Marcel Bertrand and others, that the true explanation of this structure is 
allbrdcd by a single great overfold. In the region of the upper Inn, Lugeon 
and Tormier found that oWer sheets W’cre exposed in a window beneatli the 
sheet of tJie East Alps. Steinmann, who originally held another opinion, 
eventually arrived at the same conclusion. 

Rothpletz was one of the first to maintain the existence of such over- 
thrusts in the western part of the East Alps. At a later time, and particu- 
larly at the congress of 1903, Lugeon, Term ier, an<l Hang attempted to show 
that a similar structure was presented by other parts of the East Alps. It 
was even maintained that the whole zone of the eastern limestone Alps, 480 
kilometers in length, floated upon an alien basement. 

At the same time two now groups of facts were observed at points 
remote from one another. The first w^as the result of still uncompleted 
studies by Becke and his colleagues on the central gneiss of the Tauern ; the 
seconrl followed on a knowledge of the structure of the Simplon tunnel 
which afforded a l)a.si.s for the discrimination of the inner zones of the West 
Alps. 

These unexpected discoveries have stimulated the efforts of investigators, 
and the following attempt at a summary is made at a time when fresh 
results flow in without pause, and while our knowledge of the several parts 
of the Alps is still most unequal. Theories as to the process by which the 


M. Bertrand, l^tudes dans les Alpes fran^ses, Bull. Soc. geol. France, 1894, 3® ser., 
aXII, pp, 69-162, maps. 

S. Franchi, Siill’ eta mesozoica della zona delle pietrc verdi nelle Alpi occidentali, 
BoU. R. Com. geol. Ital., 1898, 3® ser., IX, pp. 325- 482, map, and several later works. 

M. Lugeon, Lea grandea nappes de recouvrement dos Alpe.s dii Chablais et de la 
Suisse, Bull. Soc. geol. Franco, 1901, 4® ser., I, pp. 723-825, maps ; cf. note, p. 117. 



108 THE ALPS [party 

inountaina were built up can only be made with a high degree of reserve, 
and they must be based on that broader foundation which is afforded by a 
comparison with other great mountain ranges. For this reason they will 
be left to find a place in later chapters. 

Subdivision of the Alps. Disregarding the Jura mountains and the 
Molasse, three boundaries of different kinds enable us to subdivide the Alps 
into several regions, a step which will facilitate our attempt to obtain a 
broad and general survey. 

Tlie first of these is the shai*ply defined southern or DinaHc. bou')idai'y. 
It runs almost.in a straiglit line from the south side of the Bacher mountains 
in Styria for a long distance to the west-north-west, crosses the Brenner 
between Brixen and Sterzing, then turns to the soutli-south-west, next to 
the south-west and west-soutli-west, retiches the Adda, and finally, striking 
across the iiorthi^rn part of lake Como and the Ltigo IMaggiore, extends in 
an arc west of lake Orta to the plain of Lombardy. It is a line of com- 
pression and intrusion. 

The second boundary is that hetireen the East and II Alps. It does 
not hold good for the Flyscli zone. It is most clearly marked on the west 
side of the Rhaeticon, and is continued through Oberhalbstein into the 
north-east of the Disgrazia group. It marks the superposition of an upper 
eiistern mountain complex on lower western complexes. 

The third line is the least clearly marked, or, more correctly, has been 
most altered by later events. It separates within the western Alps the 
riedmoniese from the Helvetian Alps. Disregarding deviations to be men- 
tioned presently, it runs from th(^ east side of the Mercantoiir, close to the 
east side of the Pelv’^oux and mont Blanc, eastwards to the Rhone valley, then 
across val Bedretto and throiigli Airolo to the south side of the Ootthard. 
This boundary is very nearly followed by a band of Oligocene, Haug s zone 
of the Aiguilles d'Arves, which we shall designate with Termier the inner 
Flysch zone. It first makes its appearance on the sea coast, and has been 
recognized by Kilian even on the east side of mont Blanc. 

Tlie separation of these branches of the Alps may 1)0 observed also on 
the outer border. The Jura mountains merge witli the Helvetian Alps in 
a bend directed inwards towards Chainbdry. The Helvetian (or Delphinian) 
Alps describe a similar l>end, corresponding to the Pelvoux and directed 
inwards to the upper Durance, and a second bend in the direction of the 
V^ar. On the Var they terminate, while the Piedmontese Alps strike away 
to the sea and reappear in the north-east of Corsica. 

hi this subdivision the oft-mentioned zone of the Brianfonnais must be 
assigned for the most part to the outer parts of the Piedmontese Alps. 

Zone of raont Blanc. This zone of ancient rocks extends from the 
Mercantour across the Pelvoux, Grandes Rous.ses, Belle Donne and mont 
Blanc to the Ootthard and the mass of the Aar. The lie of the arc appears 
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to correspond on the whole with the Variscan strike in the foreland. But 
closer observation shows that this correspondence exists only in the east ; 
in the Belle Donne a considerable deviation makes its appearance ; in their 
southern part, as in the Grandes Rousses, the dominant direction, in contrast 
to the general outline of the mountains, is north and south, and in the 
south-west part of the Mercantour the direction is east and west 

In addition to this divergence bctvreen the strike of the rocks and the 
direction of the mountains, the arrangement of the branches in an alter- 
nating series claims attention. Michel Uvy and Ritter have found tliat 
the southern branch of the Belle Donne, which follows the outer side of the 
Grandes Rousses, strikes obliquely through Beaufort and across the Prairion 
to the Aiguilles Rouges — that is, towards the north of mont Blanc. The 
continuation of the northern branch of the Belle Donne runs still further to 
the north, through Fleurct to Mdgeve “ Tlie case is similar with regard to 
the oblique line of the Rhone-Furca-Urseren-Andermatt-Vorder Rhine 
which separates the St. Gotthard from the mass of the Aar. 

These oblique lines of demarcation strike somewhat more towards the 
north-east than the inner side of the arc. Connexions existed not only 
along these lines, but also al)ovo the level of at least a part of the zone of 
mont Blanc. This is shown by the patch of Jurassic described by Favre on 
one of the peaks of the Aiguilles Rouges and the presence of Mesozoic 
synclines in the gneiss masses themselves. In the Grandes Rousses and the 
Pelvoiix, Termier has distinguished older, pre-Triassic, and yoxinger or 
Alpine synclines. The older are crossed l)y the younger at various angles 
which are generally acute \ But where Alpine folds swerve around the foot 
of an ancient mass, as on the .south of the Mercantour, they move like 
a fluid on the border of a weir, and the deviation from the direction of the 
older folds may amount to a right angle. 

The ends of the several masses resolve themselves sometimes into two 
ot throe, or even, .as in the south end of mont Blanc, Into six or eight 
separate anticlines of gneiss, between which sedimentary synclines are 
included. Towards the interior of the masses these synclines disappear 
and the mass appears to be uniform, but wo are able to perceive that if 
the great mountain core were less pi’ofoundly eroded it would present 

‘ Franchi, Boll. R. Com, geol. Ital., 1894, p. 240, gives the strike for the Italian part 

still south-east; for the south-west see L. Bertrand, Bull. serv. Carte geol., Iv897, IX, 
P* 121 et seq, 

^ * Michel Levy, Note sur la prolongation vers le sud de la chainc des Aiguilles 
Kouges, Montagues de Pormenaz et du Prairion, Bull. serv. Carte geol., 1892, no. 27, 
Pp. 393- 452, map ; E. Ritter, op. cit., 1896, no. 44, pp. 144-146 ; La Bordure Sud-Ouest 
du^Mont-Blanc, op, cit., 1897, no. 60, pp. 445-676, map, et passim. 

’ P. Termier, Le Massif des Grandes Rousses, Bull, serv. Carte geol., 1894, VI, no. 40, 
pp. 169-287, map, in particular p. 104; Sur la tectonique du Massif du Pelvoux, Bull, 
^oc. gool. France, 1896, 3® XXIV, pp. 734-758, map. 
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several parallel folds much further towards its interior, resembling those 
which are preserved in the Pelvoux, for example. ITiis interdigitation of 
the folds wtis described many years ago by Heim in the St. Gotthard 
and at the east end of the Aar mass, and afterwards by Lugeon at its 
south-west end. Heim terms the phenomenon ‘Verfaltung’ (folding 
pushed to an extreme : in the last example the flat-folded tongues of 
gneiss dwindle down to a thickness of from 2 to 4 metres 

Too much importance has been attached to the fan-shaped structure 
of inont Blanc. It is true that this structure is seen in the section of 
Charnounix-Courmayer, but the mass of the mountains consists of crowded 
folds overturned to the north-west, as shown by Duparc and Mrazec, and 
confirmed by Ritter and other observers. We must conceive the ancient 
basement of rnont Blanc as a basin of crystalline schists, on each side 
of which, on the north-west and south-east, lies a zone of fairly ancient 
schists, out of which rise rocks of granite and protogine Pebbles of 
protogine have Ijeen met with in Carboniferous conglomerate 

Three granitic intrusions have been described l^y Baltzer in the Aar 
mass. They belong to the group of the Variscan granites of the 
Erzgebirge, the Harz, and other ranges®. Although the members of the 
rnont Blanc zone exhibit characters which are clearly Variscan, e. g. in the 
transgression of the limnic l)eds of middle and upper Carboniferous, yet 
we cannot describe them as Variscan liorsts. They are resurgent parts 
of the basement of the Alps, which was folded together with the over- 
lying rocks, and they consist of repeated parallel folds. They are 
exposed at the surface, because the longitudinal axes of the several fascicles 
of folds rise upwards and sink downwards together (siirt?ldvation des axes). 

The CarhoniferiMs fan avd the Brian^onnais, A long arc of Carboni- 
ferous and Permian sediments extends from the Rhone valley above Sion, 
down to the sea-coast near Savona. Running at first parallel with the 
inner ]>order of the zone of rnont Blanc, it crosses the Great and Little 
St. Bernard, extends east of Moutiers to Briancourt, is interrupted by the 
valley of the Guil, reappears on Italian soil, piisses to the south of Santo 
Dalmazzo, and finally, with an almost east and west direction, reaches the 

’ That ifl, folded flat, hence as an English equivalent we may speak of fiatfolding. 
Note by Editor. 

® A. Heim, Hochalpen zwischen Reuss iind Rhein, p. 246 ; Lugeon, Seconde communi- 
cation preliminaire aur la geologic de la region comprise entre le Sanetach et le Kander* 
Eclogae Geol. Helv., 1905, VIII, pp. 421-433. 

® L. Duparc et L. Mrazec, Recherches geologlques et p^trographiques aur le Massif du 
Mont-Blanc, Mem. Soc. Phys. Hist. Nat. Geneve, 1898, XXXIII, pp. 1-227 ; in particular 
p. 194 et seq. 

* M. Levy, Bull. serv. Carte geoL, 1890, no. 9, pp. 22. 

® A. Baltzer, Die granitiscben Inirusiv-Massen des Aar-Massivs, N. J. f. Min., 1903, 
Beii.-Band XVI, pp. 292-324, International Congress, Vienna, 1903, pp. 787-798. 
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jsea near Savona^. The rocks are often altered into semi-crystalline or 
even gneissose schists. Plant remains, compressed anthracite seams, and 
graphite, bear witness to their age. The arc does not form a strati- 
graphical boundary. This is obvious from Kilian’s observations. For the 
greater part of its course it possesses a fan-like structure which is most 
clearly expressed south of the Great St. Bernard. The west side is over- 
turned towards the west, in the direction of mont Blanc and the Pelvoux, 
and the east side is overturned towards Italy. In like manner the whole 
of the next succeeding range is overturned on the one side as far as the 
older rocks of the Pelvoux, on the other, as far as the Italian plain. 
Earlier descriptions might easily give rise to the notion that this long 
fan is an independent axis of elevation. It is a zone of stowing 

Let us first consider its relations to the younger sediments between 
Brianfon and the east side of mont Blanc. In our study of this region 
we will take Kilian's comprehensive \vorks as our guide With regard 
to its southern portion we have in addition Termier s investigations north 
and south of the town of Briaiifon^. 

In this elongated, and not very broad tract, the inner Flysch zone 
makes its aj)pearance. This shows that the sea still lingered here even 
at the time of the upper Oligocene. On the east side of the Pelvoux, 
Kilian encuimtere<l Flysch normally superposed on the gneiss. It also 
lies in transgression on folded Mesozoic beds, but is itself folded, and in 
the Aiguilles d'Arves, a little to the north of the Pelvoux, it reaches 
a height of 3,514 meters. 

In the Mesozoic beds of the Swiss Alps we are accustomed to dis- 
tinguish three facies, a Helvetian, a Brianfx^nnais, and a Piedmontese facies. 

The Piedmontese facies is distinguished by the preponderance of lus- 

' M. Bertrand, Etudes dans les Alpes fran 9 ai 8 es, Bull. Soc. geol. France, 1894, 3® ser., 
XXII, pp. 69-162, maps. A summary of the whole range is given by Pellati in Giaci- 
menti di Antracite nelle Alpi occidentali italiane, Mem. Carta geol, d’ltal., 1903, XII, 
tiiv. 1. 

* The temptation to render * Stauung ’ by ‘stowing* in the i»receding volumes was 
great, it is now too strong to he resisted. The Anglo-Saxon ‘ stow * meant to stop, and 
is still sometimes used in that sense. A moving mass arrested or stowed by a dam 
I’ises up against the obstacle, and the whole effect of the dam is expressed by the 
term ‘ stowing — Note by Editor. 

® W. Kilian et J. Uevil, Etudes geologiques dans les Alpes occidentales, Contributions 

la geologic dea chaines interieures des Alpes fran^aises, I ; Memoire pour servir a 
I’explication de la carte g(5ologique detaillee, 4to, 1904, 627 pp., maps, and a number of 
smaller works, 

* P. Termier, Les Montagues cutre Brian 9 on et Valloiiise ; Memoire pour servir a 
1 explication de la carte geologique detaillee, 4to, 1903, 184 pp., map, and Sur la neces- 
site d’une nouvelle interpretation de la tectonique des Alpes Franco-italiennes, Bull. Soc. 
geol. Prance, 1907, 4® s^r., VII, pp. 174-189. Compare also Franchi's observations on 
Ihe ‘facies mista’ in Boll. R. Com. geoL Ital., 1906, p. 89 et seq., which are useful as 
a study of accessory characters. * 
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trous schists, and the presence of basic green rocks. The Trias is 
represented by quartzites, gypsum, and marble. The lustrous schists, 
which belong in great part to the Lias and Oolites, also occur in the 
west of the Carboniferous fan, e. g. on the Col de Seigne, and the green 
rocks are also to be found at this &nd other localities. An opportunity 
will be afforded later of mentioning the remains of recumbent sheets 
situated further to the north, which have been carried from the south- 
east over the Brian 9 omiai.s, or onwards out of the Brian^onnais towards 
the west. It will also be necessary, before discussing the East Alps, to 
obtain a more definite idea of the meaning of the term ^ facies We shall 
then see that the characters of the Piedmontese facies, namely, the presence 
of the green rocks and the marked alteration of all the rocks, are merely 
accessory features. They have been added later and arc foreign to the 
original facies. Termier long ago perceived that they increase as we 
proceed towards the plain of Loml^ardy. 

The town of Brianyon itself lies in the Carboniferous zone. Mesozoic 
synclines are inserted in the fan. 

As representatives of the Trias in the neighbourhood of Brianyon, 
Termier mentions (jiuirtzite, succeeded fli'st by greenish schist with beds 
of dolomite and limestone, as well as rauchwacke, gypsum, and phyllitic 
marble, and then by limestone, up to 300 meters in thickness, containing 
Gyroporella and Crinoids. The Lias presents itself as a bree(da (Breclie 
du lY*l(%raphe) but with a variety of development, in particular as dark 
platy limestone with Pentacrinus ; and since the occurrence of black cal- 
careous shales with livlcida eonUjvta is mentioned, tbe Rliaetic stage must 
also l>o present; tiion comes Jurassic (Calcaire de Guillestre) often as 
Globigerina limestone, with Phylloceras, Aptyclius, and other fossils. The 
whole of the upper part of this series is metamorphosed in places into 
j)laty marble (marbre eri phujuettes) ; this, which may include tin* 
Cretaceous also, reaclH^s a thickness of 700 meters. 

This series differs from tlie Helvetian. Gyroporella limestone and 
Aptychus limestone are far more suggestive of parts of the East Alps. But 
in the crowded series of folds and flakes betw’'ecn the Carboniferous fan 
and the zone of mont Blanc the divergent horizons do not, as far as we can 
Judge, appear simultaneously at a particular limit, so that series witli 
a mixture of characters become possible. 

If an example of the typical outer Helvetian series i>s compared with 
a typical scries of the Brian^onnais, e.g. with a recumbent segment trans- 
ported from a distance, a considerable difference will be apparent, but in 
the broad and now compressed area across which the overriding has taken 
place the two series are connected by transition.s. 

The interpretation of the alternating series of tfie gneiss masses in the 
zone of rnont Blanc now becomes apparent. 
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As a final result ^the Belle Donne disappear towards the north-east on 
Helvetian territory, and the Grandes Rousses, along with their associated 
synclines, strike away to the north side of mont Blanc, and even into its 
flat synclinal folds. The Mesozoic folds between the Belle Donne and the 
Grandes Rousses become the lofty limestone mountains of the Diablerets, 
Wildhorn, &c., and it seems as though the Grandes Rousses, and perhaps 
also a part of the Pelvoux, together with mont Blanc, had been affected by 
a subsequent arching up of the mountains. 

We now perceive that the term ‘ Briangonnais ’ has been used some- 
times in a narrower, sometimes in a wider sense. The facts so luminously 
presented by Kilian lead indeed to the following transverse section : 
1. Outer Helvetian folds. 2. Older rocks of the Belle Donne. 3. Several 
fascicles of Mesozoic folds, between which mont Blanc, the little mass of 
Kocheray on the Arc and the Grandes Rousses, with perhaps the Pelvoux also, 
appear as though I'esting on a common anticline. 4. The inner Flysch zone 
(zone of the Aiguilles d’Arves). 5. Another Mesozoic zone (faisceau du 
Galibier, Kilian). 6. The Carlx)niferous fan, with infolded Mesozoic bands 
(so far the ovcrfolding is to the west ; beyond this point it is to the east). 
7. Another Mesozoic zone (faisceau du Chaberton). 8. Lustrous schists 
and Piedmontese Alps. 

Th(^ gneiss chains are thus encountered twice over (Belle Donne and 
mont Blanc). We may take as the toundary of the inner Alpine zone 
eith(?r che chain of mont Blanc, or the inner Flysch zone, or again the 
Carboniferous fan. Kilian makes his zone du Briangonnais begin with the 
Flysch ; thus interpreted it also includes the ranges of the Galibier (5), but 
gives a shai'per boundary between 7 and 8. 

As already statetl, we regard the Flysch zone (4) as the outer boundary of 
the inner or Piedmontese chain, although it lias been subsequently broken 
up ; }»ut we must repeat that this boundary is not of the same miture or 
value as the Dinaric boundary or that of the East Alps. 

The Piedmontese Alps attain a great development towards the north- 
east an<l east. ' As an example we may mention the series of Trias, green 
schists, serpentine, and Bundner schists, met with by Preiswerk between 
Visp and Brieg in the Rhone valley. The serjieiitine which invades the 
Trias and Bundner schists was intruded as diabase and gabbro, and has 
produced in places contact metamorphosis. Later injections have consolidated 
as wehrlite and dunite These are the representatives of the gi’eeii rocks 
of Piedmont, The Bundner schists represent the lustrous schists. 

This zone also includes the great band of Verrucano, Trias, lustrous 
schists and calc-mica-schists, which Heim observed near Olivone, between 

Tj.. Preiswerk, Die motaxnorpbischcu Peridotite und Gabbrogesteine in dem 
Undner Schiefer zwischen Visp und Brieg, Verb, naturf. Ges. Basel, 1904, XV, pp. 293- 


SOLLAB IV 



114 THE ALPS [party 

the gneiss of the Adula and the south side of the Gotthard ^ The whole 
breadth of the Wallis Alps as far as the Adda also belongs to this zone. 

Recumbent sheets. While the synclines <lescribed above strike obliquely 
through the zone of uiont Blanc, and may develop outside the zone into 
mighty limestone ranges, the situation in the south is (juite different. 

Between the Mercantour and the Pelvoux, the zone of mont Blanc 
presents a great gap, and through this, as through a gateway, the impelled 
mountains make their exit to the w'est, just as water or ice, furrowing 
away the ground beneath it, forces its way through a constricted passage 
(II, p. 343, fig, 35, and p. 344, fig. 36). 

We will begin our study of this process in the south-west. For the 
French part of the region we will follow the accounts of Leon Bertrtod 
and for the mountains north of Mentone and Bordighera those of Franchi \ 

The Var bends in a right angle out of an east aiul west into a north 
and south direction, and reaches the sea at Nice ; it receives two tributaries 
from the Mercantour, the Tinea coining from the north-north-west and the 
Vt%ubie from the north, 

Tlie mass of the Mercantour has turned round in its southern part 
towards the Col di Tenda, i. e. to the south-east, but Ix!on Bertraml found 
that its stratified border of Permian and Trias gives off a long spur which 
starts from the Vesubie — that is, far to the west of the Col di Ternla — and 
proceeds towards the soutli. This is an important boundary. The folds 
of the east and so^lth-c^lfit side of the Mercantour engirdle its southern 
end, and reach this spur. Here, as far as the upper Jurassic and lower 
Cretaceous are concerne<l, the facies of the Briar^^onnais suddenly emts, 
and the Helvetian facies takes its place. Tlie beds on the oast siihj of the 
spur are overtbrust and overfoldeMl to the west, and this direction persists 
in the region of the lower Var as far as Nice, where the strike is east and 
west and the overfolding towards the soutli. Between Mentone and 
Bordighera the strike has again become more north and south, and the 
movement is directed towards tlie west. 

In the region ea.st of the spur of the V^esubie and the plain of the 
lower Var, the folds stowed by the Mercantfjur broaden out. The inner 
Flysch zone (zone of the Aiguilles d’Arves) then assumes so great a part 
that we seem to meet over considerable tracts with nothing but an extension 
of this zone. 

West of the Vdsubie we find ourselves in the midst of the outer 

^ A. Heitn, Geoiogische Begutachtunj^ der Oreina-Bahn : Gcologische Nachlese, no. 
Vierteljahrschrift nat. Ge«. Zurich, 1906, LI, pp. ii78“.‘596. 

* L. Bertrand, £tude g^ologique du Nord des Alpes Maritimes, Bull. serv. Carte geel.» 
1897, IX, no. 56, 214 pp., ma|>s, and Sur les grandcs lignes de la geologic de la pari^c 
alpine des Alpes maritimes, Bull. Soc. g^ol. France, 1904, 4® ser., II, p. 688 et seq., 

® S. Franchi, Contribuzione alio studio del Titonico e del Cretaceo nelle Alpi Maritin*® 
italiane, Bol. Com. geol. Ital., 1894, XXV, pp. 31-83, map. 
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Helvetian (Delpliinian) folds overthrust to the south, and within the bend 
of the Var these encounter the folds of Provence moved in the opposite 
direction. These we do not regard as forming part of the Alps. They 
surround the Hyferes and the Esterel, the crystalline schists of which are 
still visible between Cannes and Antibes. 

On the coast of Monaco traces of recent volcanic breccia have been 
observed \ 

And it is in this manner that the Helvetian coulisse, bent inwards, 
tenuinates on the Var and the Vi^subie. 

The folds of Provence, on the west bank of the lower Var, have been 
exposed to movements of a very late date, as shown by Zurcher’s discovery 
near Vcnce (north-west of Nice), where a sheet of Trias and Jurassic has 
l>een thrust over marine Miocene, and probably over Pontic sediments also, 
aixl afterwards loWed in with them, so that Trias occurs in a syncline of 
Miocene, and Miocene Ixmeath an anticline of Trias. Gudbhard has observed 
marine Pliocene at this locality, inclined at an angle of 20*', and at a height 
of 850 im'ters al>ove the sca^. 

Let ns next turn our attentiop to the north. 

The foMs advancing from the interior surround, as we have seen, the 
.south-east end of the Mercantour. The point of contact is exposed in the 
tunnel of the Col di Tenda'^ From Tenda towards Liinone, on the inner 
of the Mercantour, a very rapid narrowing down affects all the inner 
folded ranges, and pei'sists as far as its north-western end. Here the broad 
|H)rtuI between the Mercantour and the Pelvoux (Xjcurs, and here the inner 
pari.s of the mountains move forwards for the second time. 

Broad patches of recumbent folds are to l)e seen here. C. Lory regarded 
them as islands of the Eocene epoch, Goret as horsts. Haug and Kilian 
K^cognize*! their true nature as early as 1892. Haug gives the distance, 
directly measurable, over which they have been carried as 25 kilometers. 
Kilian estimates tlie whole extent of the movement as 30 to 40 kilometers. 
These advancing iimsses pi'obably passed over the nortli-west end of the 
Mercantour, l)ut not over the end of niont Pelvoux. The Helvetian folds 
striking to the south-west are surmounted by the lower side of the inner 
Idysch zone, wliich comes from the east in great development, accompanied 
hy basement patches of the Helvetian Trias swept away with it in 


’ They aru the continuation of the more extensive outcrops of Antibes and Villeneuve, 
‘’Hil i)erhii[>s younger than these ; Issol regards them as the remains of a submarine 
‘•ntre of eruption, at most 5 or G kilometers distant: Isscl, Terremoto del 1887, Suppl. 
‘d Boll R. Com. geol. Ital, 1888, XVIII, p. 44 ; L. Bertrand, Bull wSoc. geol. Prance, 
1901, 4'’ ser., 1, p. %. 

^ Ziuvher, Bull serv. Carte geol, 1905, XVf, p, 140; A. Guebhard, Bull. Soc. 
^fance, 1904, 4« ser., IV, * p. 1G8. 

h. Baldacci e 8, Fraiichi, Studio geologico della galleria del Colle di Tenda, Boll. R 
geol Ital, XXXI, 1900, pp. 33-87, map. 
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its course. These arc signs indicating that the base of the portal has been 
scooped out in a scape colk. Upon the Flysch rest the Mesozoic recumbent 
sheets of the Ubaye, which also come from the east. The whole Flysch of 
the Embrunais has been transported from the east b 

On the east side of the Pelvoux the inner zones are again constricted, 
and at its foot the Flysch inns as a narrow belt towards Le Monetier. On 
the other side of the Meige the outline of the ancient rocks recedes to the 
west; simultaneously the Flysch broadens out, and there rise, high 
upstowed, the Aiguilles d Arves. There is no portal towards the exterior ; 



Fig. 15, The Jieatmbcni Folds of Sukns mid les Annfs (after Lug«oii). 

on the contrary, the Belle Donne form a continlious rampart, and where 
they cast their shadow, as towanls Grenoble, there are no recumbent 
sheets. It is not till we reach the other side of the Tarentaise tliat this 
rampart decreases in height, and l>eyond the mass of Beaufort and the 
window of M(%eve (in which crystalline rock is visible beneath the sedi- 
ments) an orographical gap (xicurs. Here the transplacements begin anew, 
but between them and the gap no close connexion can f>e perceived. A 

^ All the facts will he found in W. Kilian, Lea phenornenes de charriage dans les 
Alpes delphinoproven^ales, C. R. TX*" Congres International, 1903, pp. 455 476; and 
E. Haug, Ijcb grands charriages de rEmbrunaia et de TUbaye, tom. cit., pp. 403-t'506; 
also many older works, and in particular the survey of the two sheets Gap and Digue ot 
the map, 1 : 80,000. 
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long series of fragmentary recumbent sheets now extends north of the 
jsone of inont Blanc over the Helvetian Alps. 

They begin south-east of Annecy with the little fragments of Sulens • 
and les Annes. These are succeeded, south of the lake of Geneva, by the 
great sheet of the Chablais, next l)y that of the Freiburg Alps ; then, further 
towards the east, by a long -series of smaller examples, extending as far as 
Iberg, and finally by tlic Berglitten-Stein, near Buchs, in the Rhine valley. 
Renevier, Marcel BeHrand, Schardt, and other experienced observers have 
described these exotic masses; the problem they present has been happily 
solved by Lugoonh 

The facts are not easily discerned in the external configuration of the 
country, since outside the zone of mont Blanc, that is in this case to the 



i’lo. H). fohh nf ^u>u^ 5 Kitior). 1, CarhoniforoU}* ; 2, Quartzite ; Raucliwackc ; 

4, slni,'*- ; 5, Lius *, t>, Lias shales. 


iKu th of It, and north of the gap l»ctwcen mont Blanc and *tlie Finster- 
Aarhorn, tliere rises a series of lofty limestone mountains (les hautes 
cliaiiies, die 1 locliketten) : Aravis, Dent du Midi, Morcles, Diablerets, Wild- 
horn, Wildstrulu)!, Faulliorn, and others, which are themselves tlirown into 
ii:roat ilakes, as, for instance, between Morcles and Wildstrubel. and 
violently ov<n’tbrust to the north; while yet, in spite of their height, they 
lorui part of the Helvetian zone. The diagram (fig. 15), representing the 

‘ The t'u]idam(‘iital idea of explaining the structure of the iiorth(?rn part of the Swiss 
Alps l>y great overthrnsts is duo to Marcel Bertnind, and dates from the year 1S84. In 
Si'hardt came forward in defence of the theory of great ovorthrusts. ' In 1898 he 
♦hew sections which ex|>lained the Chablais by ‘ two groat paths of overtbrusting ' 
^‘xtonding from the far south over a. groat part of the Alps ; his map even shows a dotted 
^iorthern boundary to the overthrusts, and this extends on the east to the other side of 
the llhaeticon (Lea r<5gions exotiqiies dii versant nord des Alpos Suisscs, Bull, Soc. Vaud. 
•^ci. Nat., 1898, XXXI V, pp. 219, map : also Eclogae (JeoL Holv., 1898, V, pp. 233- 
map). In 1901 M. Lugeon published his interpretation of the facts which forms the 
of our description. 
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most westerly recumbent sheets, throws light on the nature of mountain 
formation in more ways than one ; it is taken from one of the early works 
- of Lugeon \ 

In the lower comer, on the left of fig. 15, the northern end of the 
Belle Donne is shown. Near Sallanches, as we have seen, the ancient 
rocks decrease in height to the south-west of mont Blanc and the Prarion 
(Aiguilles Rouges). According to the sections of Marcel Bertrand and 
Ritter (fig. 16), mont Joly is traversed, outside Sallanches and from the 
end of the Belle Donne onwards, by a number of synclines or ‘ roots , which 
rise steeply from the crystalline schists, and then bend sharply round, 
sometimes almost at a right angle-. 

A similar feature in mount Pelvoux has been described l>y Termier as 
‘stricture*. In the Himalaya it has been ol>served, not introquiiiitly, that 
the beds are moi'o steeply upturned in the valloyvS than on the heights. 
For the present we will only point out tlmt all recumbent sheets, liowever 
widely extended, which are derived from roots of this kind, are, in tlieir 
origin, folds (syiiclines or anticlines), and they are generally regarded as 
recumbent folds. A discussion of this subject will follow on a later page, 
when it can be based on a larger number of facts. 

The ‘roots* of mont Joly are inserted in rocks which belong to the 
outer border of the Beaufort mass. They must be assigned to the outer 
end of one of the fascicles of synclines which strike through it transversely. 

Beyond mont Joly, the end of one of the anticlines which have moved 
forwards between the ‘roots* is actually seen enclosed in the malm [upper 
Jurassic] ffig. 15). We have now reached the peaks of Aravis, and wdth 
them the great Helvetian chains {hauies chaineti). 

They help to fonn the border of a FIy.sch basin (syncline dii Reposoii*), 
on which rest the exotic patches of Sulens an<l Ics Annes. Thfjse have not 
come from mont Joly. The outer border of the Flysch basin includes the 
Jurassic and Cretaceoas Helvetian chains of the Gdnovois (I to VII), 
wdiich extend in concentric arcs from lake Annecy to the Arve. On tlu* 
other side of the Arve lies the border of the great recumbent complex of 
the Chablais (Prd-Alpes), and the Helvetian arcs of tlie Gc^nevois reach the 
Arve between this border and the patch of les Annes A short anticline 
strikes through the midst of the Flysch l)etwecn Sulens and les Aimes. 

From this disposition we may fairly infer tliat the overthrusting of Sulens 
and les Arfties was followed by important movements, w'hich are probably 

' M. Lngeon, Les Dislocations des Bauges fSavoic), Bull. serv. Cai-te geol., 1900, XI. 
no. 77, pp. S59- 474, map. This region Ibrms the subject of an abundant literature. 

* M. Bertrand and E, Ritter, Sur la stmeture du Mt. Joly pres 8. Gervais (Haute-Savoie), 
C. R., 10 fevr. 1890, and flitter, La Bordure sud est du Mont-Blanc, p. 107 et seq.. 
p. 221, Plate 1. 

* This phenomenon is also cdearly described by Haug, Bull, scrv. Carte geoL, 1895, VIC 
p, 271 et aeq. 
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younger than that which separated the Chablais from les Annes, and in 
part also than that which separated les Annes and Sulens. These folds 
were impeded by tlie exotic masses which load down the Flysch basin of 
tlie Reposoir. 

We now encounter one of the greatest difficulties of this problem, and 
it is not explained by fig. 15. 

The site of the Chablais anrl the Freiburg Alps corresponds approxi- 
mately to the gap between the Belle Donne and mont Blanc. We have 
Hcen that folds can be traced from the south side of the Belle Donne to the 
north side of inont Blanc. The same oblique disposition is repeated in the 
great chains. Lugeou states that the Morcles dip beneath the Diablerets, 
these licneath tlie Wildhorn, and this again beneath the Wildstrubelb 
Pro( eedinj^to the north-east, vre ascend as it were a tectonic ladder, passing 
over flakes, eacli of which lies higher than its predecessor. 

This overthrusting of the recumbent sheets of Sulens and the others 
is more recent than the fleposition of the Oligocene Flysch upon which 
they rest, but the movements of the fjreat chains, mentioned aU:>ve, are still 
■ntoTr rcrent: fragments of the exotic stratified series of the recumbent 
sheets two folded into the syiiclines of the great chains. We have already 
pointed out that the ancient vinisses of the zone of mont Blanc proViably 
sntlertMl posthumous elevation at the time when the great chains were 
folded foT’ th(> last time, and this diminishes to some extent the difficulty 
ol‘ concei\'ing how this now lofty zone should have been surmounted by the 
recumbent sheets. 

Wo sliall return to those fragments of recuml>ent folds wdien wo treat 
of the region luorci to the east. 

(rlarus. That part of the Alps which lies between the eastern part of 
tlie Aar mass and the Santis was rt^garded by Escher as formed of two 
great folds facing each other from north and south. This conception of 
the double fold of Glarus was a Udd one. especially for that early period. 
Liter, when the goner, il movement of the Alps towards the north was 
recognized, the existence of such an opposed movement was regarded with 
doubt, and in 1884 Marcel Bertrand definitely expresse<l his belief that 
dicre is only a Ksingle fold in the Glarus, and that it comes from the south 

The facts are clearly displayed in the classic works of Albrecht Heim 

^ M, Lugeon, Kapport Congres geologique, 1903, p. 482. Lugeon does not think that 
flui Wildhorn was thrust over the Wildstrubel, but that the Diablerets and Wildstrubel 
^ from beneath the Wildhorn. 

^1. Bertrand, Rapports dc structure des Alpcs de Glaria et du basein houiller du Nord, 
««11. Soc. geol. France, 1884, 3« ser., XIL In Vol. T (1883) I also hesitated to cite the 
fold as an example of backfolding. 

iu particular Albrecht Heim, Goologie der llochalpen zwischen Reuss und Rhein, 

eineni Anhang von petrographischen Beitrllgeu von C, Schmidt ; Beitrag zur Geolo- 
^sohen Karte der Schweiz (sheet XlV), 1891, XXV, 503 pp. and 76 pp. Among other 
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We wilj follow his results as represented on a section drawn from north to 
south, arid for that purpose we may pi-oceed to the vorder Rhine valley 
above Ilanz. 

The vorder Rhine valley is not the continuation of the Rhone valley ; 
that lies south of the St. Gotthard (Airolo, Scopi), while we are now in the 
midst of those infolded sediments which branch off from the Rhine line 
above Brieg and strike across the Furca througli Amlerinatt to Disentis. 
The St. Gotthard mass diHapi>ears towards the east. Tlie rocks of the 
Aar mass are still visible much further ojist in the valley of Viittis, and 
near Felsberg, only six kilomoters from the Rhine. If the Gotthard mass 
had not already been faulted down before reaching Trons, wo should be 
standing in one of the obliipie divisions of the zone of mont Blanc with its 
included Helvetian synclines. 

From this point onwards the \‘errucano attains a consideralde breadth 
on the south side of the Aar nuiss. AlH>ve Ilanz it rises higher and lugher 
above the vorder Rhine valley, till it tinally reaches a hciglit of over 3,000 
meters. Broadly speaking, the slope of the Vernicano corresponds wdth 
a bedding plane rising tow^ards the iiorth. In the neighlH)urhood of the 
Todi, e. g. in the val Frisal, where the pr<^ -Carboniferous rocks of tlui Aar 
mass are .still visil>le, w’e percoi\'e that this l^edding plam? of the \'eiTUcan(> 
belongs to the upper limb of a syncline, which is open towards the north, 
and include.s the pinches l-iii Mesozoic series. Further east the elevated 
border of the slieet of \'errucario is l)r(;ken up into several patches, some ‘;)f 
W'hicli (extend far towards the north (Vorab, 3,025 mett?rs : Piz 8ognos, 3,102 
meters: the isolated Ringel.spitz, 3,20(> nietei*s, and otlicrs), and beneatli 
these p itches of \ erracauo there are visible, in inverte<l se(|uence, Trias, 
Jurassic, Cretaceous (iji places), and finally, extending down into the valley 
lx)ttoms, a great thickness of Tertiary Flysch. It is tliis Ijorder of Verrvi- 
caiio, resting on the inverted series, which was foniierly termed the south 
limb of the double-fold of Glarus. 

Tlie destructibility of the Flysch dowm l)elow lias caused the roof of 
the overfold to break off ami pi’0(laced this higli-lying cliff of tlie Verrucauo 
border ; but isolated remains show tliatthe V^errucano onee extended further 
to the north. An indication of this kind is the Hausstock (3,156 meters),, 
scarcely four kilometers distant from the loonier of tlie Vorali, and it is 
united by similar remnants (Muttlestock, Kalkstdckli; with a similar cliff of 
Verrucano, ragged in ontline, and facing south (Karpfstoek, 2,798 meters; 
Ruche, 2,613 meters; Graue Homer, 2,817 meters). This second iKirdiu* 
marks the beginning of tlie north limb of wdiat was once regai*de<l as the 
doul)le-fold. It is actually tlie continuation of the soutli limb, and lK)th, 

subjects. A. Heim, Heoiogiselie Nacble>e; Die vermcintliche ‘GewOlbeiimbiegung des 
^^urtI-Hugcl3 fler Glarner I)opj>clfalt/e ’ S. voin KlauBenpasB, eine Selhstcorrectur, Viert^;!' 
jahrschrift natiw f. Ges. Zurich, 1900, LI, pp. 403 -4 :U. 
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united, once formed a great dome which arched high over the Flysch 
masscH of the Linththal and the Semfthal. 

The Granc Horner just mentioned, which form part of this second cliff, 
lie to the north al)Ove Viittis, and as we descend to the bottom of the 
Calfeus valley we cross over the whole syncline; beneath the high-lying 
roof of Vernicano we first meet with the Jurassic, then the whole thickness 
of the pinched -in Flysch, and beneath this, in normal succession, the 
Cretaceous, Jurassic, and Trias, until the ancient schist of the Aar mass is 
reached at the l>ottoin. 

We now return to the noi-th limb on the Karpfstock. 

The uppermost part of tlie arch lies lichind us. The sheet of Verrucano 
liegins to descend towards the north, but we can continue our walk upon 
it up to the shores of the Walensee, 35 kilometers distant from our 
stai*ting-point on the vorder Rhine. The Junissic, underlying the Verru- 
cano, lias been rolled out to a thin strip of white marble, and against this 
the crests of the Fl^'sch folds are overturned to the nortli. Meanwhile, the 
height of the sheet of Verrucano above the sea having decreased by al)Out 
2,^00 meters, concordant patches of the normal succession, Trias, Lias, and 
Oolites, have set in al)Ove it. Towards the west, however, in the <lirectiou 
of the Murtscheiistock, this series is traversed by a zone of Flysch which 
separates an o\'erthrust and still higher sheet (Murtschendecke, Arnold 
Heim^) from Jurassic and Cretaceous (Kerenzenberg). To the east near 
Walenstadt, the same feature is met with. 

Yet another band of Flysch coming far away from the south-west 
draws near; it reaches tlie Walensee at Weeseii, and dips beneath the steep 
clitfs of tlie Cliurfirstcn. It follows a third glide-plane and bears the 
miglity Cretaceous formations of the Churfirsten and the clasely folded 
Santis (Siintisdecke). This Cretaceous differs in its development from the 
umhirlying Murtechen sheet. 

Then for tin*, last time the most northerly folds, or even torn-off frag- 
ments of thorn, arc fieaved up and overturned against the outer band of 
Flysch and the Molasse. Wc thus reach the front of the great overfoldiug, 
45 kilometers from the vorder Rhine valley. 

Albrecht Heim rt^couiits the seriou»s doubbs with wdiich Eselicr wavS 
beset licfore he ventured to pulrlish his views on the double- fold. To-day 
^till greater generalizations force themselves upon us ; tlie Hausstock, that 
koy-stone which crowned the arch, find remains to demonstrate its 
existence, is a monument to the conscientious labours with which these two 
inoii have openeil up a new road to knowledge. 

The Flysch whicli we olrscrved deep tlown, beneath the great arch, 
proceeds from the Linththal towards tlie west. It ascends beneath the 

' Arnold Heim, Zur IvenniniBsi der Glarner Uebevfallungsilecken, Zeitschv. deutsch. 

Ges., 1905, pp. 90-118 ; in particular p. 94. 
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Clariden glacier to a considerable height, and its northern edge reaches the 
border of the lake of Lucerne at FlUelen. Tlie whole of the south limb 
above it has been removed by erosion. Traces of V errucano present them- 
selves in a long band beneath the nortl^rn cliff, and from here onwards we 
again see the over folding towards the north. The Jurassic wedges out 
near Fliielen, and all the northern chains belong to tlie Cretaceous, which 
hei’e also is split up by Imnds of Flysch, indicating so many glide-planes. 
Here, east of the lake of Lucerne, the Cretaceous sheets assume rather the 
character of plunging folds, since they turn the front of their anticlines 
downwards. 

Near Iberg, patches oF the Chablais sheets rest upon the foremost l>ands 
of Flysch to the nortli of the (slants overfold. On the Rhine between 
Buchs and Grabs, a Flvsch zone is inserted between the Chiirtirsten and the 
Santis ; it is probably the same as that which separates the Sjintis sheet 
from the ]\Iurtschen sheet. It beconuis very broad ; the Berglittenstein 
rests upon it. Towanls the cast the continuations ot the (Jhiirfii*sten sink 
beneath the Falkniss. 

There is no doubt tliat the great /one of exotic slu'ets rests in isolated 
fragments upon fonnations which belong to the old ot Glariis. 

Wliile the Churtii'sten swerve to th<5 south-east, tlie Siintis jirocticds in 
a north-easterly direction, and between Ftddkircli and Dornbirn it enters 
the Flyscli /one (if the East Alps as a broad series of Cretaceous loMs. Our 
knowledge regarding the details of the sigmoid connexion on tlie lett side 
of the Rhine is chieily due to Blumerh 

The Sim'plon and Tessin. Between the /one of mont Blanc and tlie 
Dinaric b )un<iary the rocks are altered to a liigh degree. Highly calcareous 
Meso/oic sediments are transformed into marble and lustrous schists ; 
dPermian and Carboniferous into graphitic schists; diabase, gabbro, and 
peridotite into green schists and amphibolite; and it is often extremely 
difficult to determine the boundary Ijetween the nonnal Carloniferous 
sediment and^ the gneiss. It is evident that there once lay, conformably 
beneath the Trias, a great seri(i.s of argillaceous and sandy deposits be- 
longing to the Permian and Carloniferoiis, and thesfi in some places, and 
especially in the Carboniferous fan, may still bo recognized by plant 
remains, &c., but in others, owing to their being the most yielding of all 
the rocks in the series, they have absorbed the greater part of the dynamic 
action and have boon transformed into Casanna schists, micaceous pliylHtcfl, 
and taleose gneiss. Ufxm this series rests, still recognizable and con- 
formable, the lower Trias, but it is difficult or impossible to discover the 
bounrlary of the underlying Carboniferous. 

^ Albrecht Heim, Das S^tntisgebirge, Beitr geol. Karte der Schweiz, 1905, newsei., 
XVI, C54 pp., maps, Part III ; K. Blumer, Geologischc Monographic dee Ostcndcs dei 
Santis-Gruppe, op. cit., pp. 518 638. 
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For this reason the French general maps (1 : 1,000,000) mark all the 
great masses situated within the zone of mont Blanc, from the Simplon 
down to the south (monte Rosa, Dent Blanche, Gran Paradise, &c.), not as 
gneiss, but as Carboniferous and Permian, thus contrasting them with 
mont Blanc and the Pelvoux. Granitic rocks also occur ; they are 
regarded as Carboniferous in part. Whether tlie rocks have been exposed 
to any other influences, such as elevation of temperature, in addition to 
such as are mechanical, may remain an open question 

The tunnel of the Simplon, 19*7 kilometers in length, 705 meters above 
the sea at its maximum height, traverses monte Leone, 3,558 motors in 
height, at right angles to the strike. We might well expect important 
revelations from this excavation ; it lias not failed in them. Schardt has 
given a concise account of the various opinions expressed on the sulyect 
and the final )*esult. His section of 1907 is reproduced, with his kind 
pennissioii, on a reduced scale in fig. 17-. 

Various kinds of gneiss (Antigorio, monte Leone gneiss, and others) 
and Mesozoic Ijcds are present. Tlio latter consist of Trias (gneiss-like 
arkoses, quartzite, gypsum, dolomite, niarlde) and Jurassic (lustrous 
schists, grey clay-slates, calc-graphite with granular limestone, garneti- 
tVrous phyllite). Traces of green schists also occur. These JJesozoic beds 
Ibrce their* way from the north, in the form of a compressed syncline, 
between the gneisses through almost tht? whole length of the tunnel. i,e., 
for a distance of more than 19 kilometers, and since, at about the middle, 
they send off a strong branch southwards and upwards (Valle) they 
(;oiii[)lotely separate Mie upper gneiss masses, along wdth tlie summit of 
monte L<?one, from the lower (Antigorio) gneiss. This upper vsupernatant 
part is again divided by an intervening Mesozoic layer. Into the liorthoni 
half of tlie long syncline the superposed gneisses penetrate from abote 
in repeate<i anticlim.*.s, like the heads of so many plunging folds. From 
the south a thick wedge of Antigorio gneiss, 4 to 5 kilometers in length, 
inserts itself between the end of the long svnclino and the branch of 
Valle. 

In other words, the Antigorio gneiss is fii-st folded from the south 
into the Mesozoic, ilum over this folded mass the gneiss of monte Leone 

' For opposed views we may refer to T. G. Bonney, On the Ciystalline Schists and 
tluiir delations to the Mesozoic Rocks in the Lepontine Alps, Quart. Jonrn. Geol. Soc., 
1^00, XLVr, pp. 187 240, and Geol. 1901, Dec. 4, VIII, pp. 101 100 ; also On the 
Southern Orifjfin attributed to the Northern zone in the Savoy and Swiss Alps, Quart. 
•Journ. Geol. Soc., 1907, LXIII, pp. 294-807. 

Also II. Schardt, Note sur le profil goologiquo et la tectonique du Massif du Simplon, 
Eclogae j^eol. Helv., 1904, VIM, pp. 173*200, and Die wissonscluiftlichen Plrgobnisse dea 
^iiuplondurchatichcs, Vortr. Schweiz, naturf. Ges.. Winterthur, Bvo, Winterthur, 1904, 
^0 pp. With admirable insight Gerlach recognized the horizontal insertion of the gneiss 
•anticline of Antigorio a.s early as 1809. 
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has been carried up, also from the 
south, and monte Leone itself has been 
formed of two parts, that is by two 
similarly directed pushes. But the 
whole has arisen from the cominon fold- 
ing of gneiss and Mesozoic sediments. 

Other sections have been con- 
structed from tlie existing observa- 
tions by C. Schmidt and A. Stella. 
But they all have in common the deep 
infolding of the Mesozoic sediments, 
between the gneisses, and this pro- 
vides a new key to the classiiication 
of the gneiss masses. We must first re- 
call the fact that the sedimentary l>elt 
entering the tunnel from tlie north, 
that is from the Rhone valley, is simply 
a part of the Mesozoic girdle which 
extends from Brieg towards Airolo 
along thesouth side of the St.(J!otthard, 
and represents the tectonic continua- 
tion of the inner Flyschzone and the 
Brian^^orinais (in the restricted sense). 
On tlie south side of the St. Ootthard 
tunnel clearly marked back folding sets 
in h The movements revealed in tlie 
Simplon tunnel correspond with the 
forefolding of the southern, Pied- 
monte.se Alps. 

^ The hasiii of Tessin near Stapf (Gcolo- 
{jisches Profil des St. Gotthard, Reilage 
fU*ri(;ht drs Bundesnithes, small folio, Bern, 
iHsO) has been produced by this backfold' 
ing; it is of Mesozoic age, and also contains 
amphibolites. 

Fuof. 17. 7'he Simplon Tunn/l (rc<luc<!(! from a draw- 
ing kindly cornmuiiic.'itcd by JHorr Schardt;. 

1 , Jurti?i.sic > lustrous schists, garnot-boaring 
sericite Hcliists, calc-Hchists, and micaceous 
limestone) ; ‘J, Trias (black ; dtdomitic liniO' 
stone, crystalline marble, gypsum, sericite 
.schists); o, gneiss of the Massu ; grey wiu'ke) ; 
6, gneiss of the Aar-ma-ss; c, mica schists m 
gneiss; d, schistost^ gneiss, often, micaceous 
and hornhlendic ; ^r, l^eddod gnoias of monte 
JiQOim ; /, rmiHMtvo granitoid gneiss, of Anti- 
gorio typ»\ 
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We will now proceed further to the east. To the south of the line 
of Anderinatt the St. Gotthard has disappeared and tlie countiy opens up. 
This is also the case soutli of the line of Airolo, and the inner sedimentary 
yiones enter the vast tract covered with Biindner schist, which extends 
through Lugnetz, Safien, and Chur into tlio Priittigau. From the line of 
Airolo tongues of Mesozoic rock force their way southwards between the 
gneisses. They have been described by Heirn b 

The gneiss masses are here divided into recumbent folds, which proceed 
northwards ; at the same time each eastern tract rests upon the next 
following on tlie west. The strike of the folds remains that of the Alps, 
but each part sinks along the strike towards the east. The Biindner schist 
approaches from tlie east in the Aversa-thal, and lies against or upon the 
gneiss of tlie Sureta. Tliis lies upon a strip of Mesozoic which can be 
traced onwards in the valley of the Liro for a distance of 20 kilometers. 
This is the line of the Spliigen pass. The gneiss of the Tambo mass sinks 
beneath this strip : and the Tambo mass itself is underlain in the west by 
the Mesozoic band of the Misox valley, which can also be traced for 
a distancii of 20 kilometers. This is the lijie of the Bernadino pass. 
Beneath this band the Adiila mountains dip from the west; the several 
gneiss masses have advanced step by stej^ towards the north, and with the 
Adula the constriction of th(^ chief synclino, i.e, the Airolo lino, begins. 
The M(‘80 zojc band of the Blennio valley sinks from the west beneath the 
Adula, and lieneath this sinks the gneiss of the Molareb Thus we reach 
val Loveritina and Airolo. These gneisses, wliich, from Aversa and the 
Septim pass, advance ste[) by step towards the north and overlap one 
another stage by stage towards the west, may l)e regardo<l as parts of the 
Piedmontese Alps, '^Phey rise out from the Bundnor schists between Ober- 
lialbstcin and the line td* Airolo, and form, precisely like the great Helvetian 
chains of the Ijernesc Alps, a series of tectonic steps facing towards the 
west. 

Dovni to the Dora Ha/tea, Tlie Carlxiniferous fan is sliown to the west 
in the Swiss geological maps (sheets XVHI, XXII, XXIII), and it is 
accompanied as far as the Great St. Bernhard liy long Mesozoic folds, which 
exten<l avS far as tlie transverse valley of the Dora Baltea. Between the 
»St. Bernhard and the Dinaric lioundary rise some of the loftiest peaks of 
the Alps (monte Rosa, Grand Coinbin, Dent Blanche, and others). Here 
tljc long continuous strike-lines are replaced on these older maps by 
irregular, intemipted, and sometimes labyrinthine windings of marble and 

* Albrecht Tlciui, Dio Nonlost-Iiappeii des Tessiner Massives : (iool. Nachlese, no. 17, 
Vicrtoljahi-gchrift naturf. Ges. Zfirich, 190G, LI, i>p. :?97 -402. 

Wilckens has observed Mesozoic rocks in the /ap]^ort (uppermost Rhein wald), and 
conjectures that the Rheinwaldhorn is a floating mass ; this would point to a deeper 
porietration of the Blennio intercalation, Centralbl. f. Min., 1907, pp. 341-348. 
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broad tracts of sedimentary schists which insert themselves between the 
eisses. 

As early as 1902, before the results furnished by the Simplon tunnel 
had been completely made known, Lugeon had attempted to analyse the 
structure of the region ; in ,1905 he succeeded in distinguishing seven 
successive sheets of gneiss separated by Mesozoic intercalations K This bold 
conception was not received with unqualified approval by Italian investiga- 
tors. Stella, Franchi, and Novarese raised objections, whicli were based 
chiefly on the stiiicture of tlie more southerly tracts At the same time 
the most striking of his results, namely, the conception of tlie mighty mass 
of the Dent Blanche as the remnant of a recumbent sheet, was acknowledged 
on all sides as correct. The origin of this remnant will be dt^alt with after 
we have discussed the rocks of Ivrea. 

The Simplon is extremely instructive, because deep-lying tectonic hori- 
zons are exposed in it. In the Tessin, i. e. towards the east, the step- 
like structure, inclined away from the Simplon, has already been mentioned : 
something similar may i )0 seen towards the west and south-west 

In acconlance with Schardt’s description of the tunnel and Lugeon s 
analj'sis of the liigh mountains, we have here sheets and fragments of 
sheets, all derived from recumbent folds. The mass of the St. Bernhard, or 
at least part of it, must perhaps be excluded. 

Lugeon's sheet I (gneiss of Antigorio), exposed in the south of tlie tunnel, 
is the lowest member, with the exception of a mass which crops out near 
Credo, and is hero regarded as the lowest gneiss visil>lc in tins region 
(/, fig. 17). It is the sheets II (Lebendnn) and III (monte Leono) 
(c, fig. 17) which enter the tunnel from above as plunging sheets, bury- 
ing the front of tiieir anticlines in the long Mesozoic .syncline. Their 
extension in space is not so gi’cat as that of the other sheets. Sheet IV 
(St. Bernhard) lie.s in the west, and extends far along the .si<le of the Car- 
lioniferous band towards the soutli ; as it nears the Dora Baltea it ac(|Xiires 
a marked twist, so that the gneiss first dips in the direction of the successive 


* M. Lugeon, Sur la coupe geologiquc du Massif du Himplon, C. R. Acad. Sci. Pari^?, 
March 24, 1904 ; Sur les grandes nappes d<? recouvremeut de la /.one du Pieiuoni, op. cit., 
May 15, 1905; and Lugeon et M. Argand, Sur le.s homologies dana les nappes de recouvre- 
nient de Ja zone du Pieraont, op. cit., May 29, 1905. 

The most important of these work.^ are : A. Stella, 11 Problema geo-tettonico del* 
rOssola e del vSempione, Boll. K. Com. geol. ital., 1905, 4- st-r., VI, pp. 1-41, map, and 
>S, Franchi, Sulla tettonica della zona flel Piemonte, op. cit., 1900, 4'» ser., Vll, pp. llB- 
144 ; H. Scliardt, Die raoderiie Anschauung fiber den Hau iind die Entstehung des Alpen* 
gebieten, Verb. Schweiz, naturf. Ge.s. St. Gallon (1906), 1907, 37 pp., map of the gnewn . 
sheets ; C. Schmidt, Bild und Bau der Hchweizer Alpen, Beilage z. .lahrb. d. Schweiz. 
Alp.-Club, XLir, Basel, 1907, p. 44, map of the gneiss sheet, also in Ffihr. Deutsch. Gcol- 
Ges. Ba»(d, 1907, p. 47. 

’ H. Scliardt, op. cit, p. 13 . 
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sheets or towards the cast, and then in the south towards the west,i.e. beneath 
the Carboniferous band. This feature, established by Italian geologists, 
marks the beginning of the fan-like structure, which becomes increasingly 
clear towards the south. 

Sheet V (monte Rosa) rises towards the north-east and inserts itself 
beneath the succeeding sheets. The Dent Blanche (sheet VII) is a fragment 
of a slieet which advances over the broad Mesozoic region of Zermatt- 
Chatillon. The elongated range of the Sesia-gnoiss (sheet VI) may be 
equally well regar<Ie.d as the inr<X)ted eastern part of VII ; we shall see that 
it is still further subdivided. 

This conception, as applied to the western parts, is due to Lugeon and 
Argand. 

The facts we have been ol)serving are evidence of the great general 
movement towards the exterior, which here, in consequence of the bend of 
the Alps o\it of the south to north direction, becomes increasingly south- 
east to north-west. One recumbent fold towers above another. But the 
fan-shaped structure has already begun to manifest itself in the St. Bernhard. 

A lu'oad fragment is bent Ijy backfolding in the direction of the Pied- 
montese plain, i. e. towards the east, 

Ivrea and *Dent Blu'iiche. The Mesozoic sediments of the western 
Dinarides surround the Italian lakes. They rest, togetlier with the Pennian 
porphyry of val Trom[)ia and the limnic Carboniferous of Marino, either 
normally or as downthrown patches on a crust which consists first of 
phyllites, then of mica-schists witli muscovite gneiss, and finally of biotite 
Htit)na gneiss. 

Close to the western edge of the Strona gneiss an interrupted band of 
limestone makes it.s appearance, about 100 kilometers in length. It crosses 
the Toca muir Oniava.sso, where its presence is marked by marble quarries. 
No such band of limestone is known in any other part of the Dinarides. 
It presents all tlm characters of the Mesozoic inarlde ranges of the Alps. To 
tlu) wCvSt of it w’c roach a liroad band of basic rocks, wdiich is sometimes 
known as the amphibolite band, sometimes as the diorite band of Ivrea. Its 
breadth is variable : as shown on Gerlach’s map, it may amount to as much 
as 9 kilometers. Near Pavone, south of Ivrea, it emerges from the plain of 
Lombardy, and strikes in a broad arc to the north end of the lago Maggiore 
and oven beyond it. It follows the Dinaric lx)undary, and an almost identical 
arcuate strike dominates here both the Alps and the Dinarides. 

The principal features of the structure have l)een clearly described, first 
l>y Gerlach and later by Artini and Melzi L The latter observers regarded 

^ H. (lerlach, Die Ponniner Alpen, Deitr. z. geol. Karte tier Schweiz, 1SS3, XXVII. 

PP*» and Die Bergwerke des Kantons Wallis, 7V) pp. and sheet XXII of the Geol. 
Karte der Schweiz; E. Artini e G. Melzi, Ricercdie petrografiche e geologiche sulla 
Valsesia, Mom. R. Ist. bomb., 1900, XVIIl, pp. 219-392, map. 
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the band of Ivrea as occupying a great rent in the earth's crust. As a 
deduction from a similar hypothesis it was interpreted as a tiat-lying dyke, 
and it was supposed to stand in some connexion with the green rocks of the 
Piedmontese Alps, a conjecture which had already been put forward at an 
earlier date. An attempt was also made to find some causal connexion with 
the orographic movements. Objections have been raised to these views by 
Italian investigators, in particular by Franchi and Novarcse ^ 

According to these distinguished observers, the order in which the rocks 
succeed one another from east to west is first Strona gneiss, next the 
dioriteband, and then Trias. The Strona gneiss (together with the so-called 
Stronalites) passes through kin/igite gneiss into the closest connexion with 
the diorite, from which it cannot be distinguished ; it must therefore be of 
great age. To the north of Varallo a strip of kinzigite gneiss may even be 
traced right across the diorite band. On the other hand a great dislocation 
separates the diorite from the Trias in the west. 

To arrive at a conclusion we must first considei' the following 
observations : — 

The first limestone band, namely, that of Ornavasso, mentioned above, 
occurs east of the diorite band. The kiiizigite gneiss (gneiss with garmjts, 
sillimanite, liiotite, gi'aphite, and in places cordierite) is probaldy, as in the 
Kinzig valley, gneiss altered by contact metamorpliism. This can only 
have been produced by tlie diorite, and it remains an open (juestion whether 
the diorite itself is not a mixed product due to the assimilation of gneiss by 
a more basic magma These facts, as well as the transverse strike} of the 
baiul of kinzigite north of Varallo, show that th(‘ zone' of Ivrea is not a 
flow, but an intrusive sill, 

1 S. Franchi, Appunti geolo^ici sullu /ona dioritehkin/.igif ica Ivrea-Vorbano c siillc 
formazioni adiacenti, lloll. R. Com. geol. iUil, 1005, XX.XVT, pp. 270-20S ; V. Novareso, 
A proposito di un trattato <li petrografia di E. Weinschenk v sul preteflo rapporto fra le 
rocce della Zona d’lvrea e le * Piet re verdi ’ della Zona dei Cahrc.scisti, Boll. R. Com. geol. 
ital., 1905, XXXVl, pp. ; La Zona dMvrea, Boll. f>oe. geol. ilal., XXV, 1906, pp. 

176-lSO. For this reason additional details are cited here. The opinion in question is 
€xpre.sfied in E. Suess. Sur la nature des charriages, C. R, Acad. Sei. Paris, Nov. 7, 1904, 
with which Argand's results arc in accord as a whole, op. cit., Feb. 26, March 12, 
March 26, 1906. 

^ H. Preiswerk, Malchite und Vintlite im ‘ Strona-* und im * Sesia ’-gneiss, Festschrift 
H. Rosenbusch gewidmet, 8vo, Stuttgart, H)06, pp. : Franchi (Boll. R. Com. geol. 

Ital., 1906, j)art. ufF., p. 30) cites a case in which the Strona gneiss has undergone cata- 
clastic change, but the Sillimanite schist which belongs to the kinzigite has escaped. 
Kimif/ife was the name given by H. Fischer (N. J. f. Min,, 1860, p. 796, and 1861, p. 641) 
to the garnet gneiss of the Kinzig valb w ; Heberstreit determined the amount of giapiute 
contained (Inaugural-Dissertation, Wiir/burg, 1877, 8vo, 74 pp.); Sauer introduced the 
name ‘ kinzigite gneiss’ in the detailed geological map of Baden fErlduterung zum Blatt 
Oberwolfach-Schenkenzell, 1895, p. 18). "Hus garnet graphite gneiss has arisen by the 
action of granitite on a para-gneiss (II. Thurach, Beziehungen der Granitit-Glingc zum 
Nordra«;her TurTinalirigranat und m dem Kinzigitgneiss, Mitth. badisch, geol, Landesansfc., 
1899, III, p. 637 et,8eq.). , 
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Kinzigite rocks occur not seldom in these parts of the Alps ; Hammer 
mentions them at Ulten in west TyroP. South of Bormio, the upper 
Adda traverses the batholite of the Serra di Morignone, the component 
rocks of which, according to Stache, range from tonalite to gabbro ; its 
connexion with the Adamello mass had already been suggested by Theobald. 
The similar but smaller batholite of Brusio is crossed by the Poschiavino 
above Tirano. Stella states that rocks occur in'thc zone pf contact which 
rcseinlile the kinzigites and stronalites of Ivrea'"'^. 

These localities lie to the north of the Dinarides. The boundary of the 
Dinarides follows thtis Jiidicaria line as far as Dimaro, south of Male', and. 
then turns to the west-south-west and finally to the west. It runs, accord- 
ing to Salomon’s observations, north of the Tonale pass, and reaches the 
Adda at Stazzone below Tirano^. At Monte Padrio (between Oglio and 
Adda), a zone of marble is inentione<1 as marking the proViable starting- 
|)oiut of a. long band of Trias, wliich strikes through the Tessin valley ; its 
ti'aocs liavo been followed by Theobald, Rollo, and Melzi ; Rollc mentions it 
as still occurring in the pass of lorio ^ 

Tliis Icmg )>ut interrupt(3<l band of Trias l)elongs to the Alps. The val 
]\Iorobliia, wliich starts from the pass of lorio, follows the same cast and 
west direction ; il roaches tlie T(‘ssin a little south of Bellinzona, and 
coincides with tlie Dinaric boumlary. 

In addition to the batholltc's of the Serra and Brusio mentioned above, 
a tliiiNl lies in tlie same line, north of Ponte ; a fourth, north of lake Mezzola ; 
;vn(l yet another of these late intrusions at Bellinzona. They all lie within 
tliD Alps, and in the east they are, perhaps, connected witlnlykes of various 
kinds (Ortlerite, Suldenite, (tc.), wliich are known to extend far beyond tin' 
Ortlcr, thus showing over liow larg(» an area such proces.ses as gave rise to 
them were at one time active. 

At Ihdlinzona, Klcmiii, coming from the north, encountered comparatively 
r<‘C('nt granite, enclosing patcjies of schist, then steeply upturned sediments, 
oiaphibolite schists, ainl cale-silicatc-honifels, marble with garnets and 

■ W. Ilaininer, Jahrb. k. k. Roichsanst., 1902, LTI. p. 114. 

" Btache, Verb. k. k. gool. Roichsanst., 1870, p. 357 ; Linck, Pegmatite dei? oberen 
Volllin, Zeitsebr. f. Nainrw., Jena, 1899, XXXII, pp. 345-360: O. Hecker, Gabbro- 
t‘0-itoiue dee oberen VcJtlin, N. J. f. Min., 1002, Beilage-Baiid XVII, pp. 313-354 ; vStella, 
R. Com. ital., 1907, Atti uiV., p. 35 ; for thcBO batholite?, in partioular, Salomon, 
b.iriiulriatischft Maesen, p, 137 et seq. 

W. Salomon, Dio alpino-dinariijche Grenze, Verb. k. k. geol, Reichsanst., 1905, pp. 341- 
the locality may bo seen on Vacek and Hammer’s Kartenblatt Cles (Oesterreich. 
•V^f'iul-Karte, Zone 20, Col. iv). 

^ Iho best'known locality is Dubino, near to the mouth of the Adda; Rolle, Beitr. 
ffeol. Karte der Schweiz, 18v81, XXII, p. 18 ct seq. ; G. Melzi, Ricerche microscopicbe snlle 
del versante Valtellina della catena Orobica occidentale, Giorn. di Min., 1891, 

» pp. 1-34 ; Ricerche gcologichc e petrografiche sulla Valle di Masino, op. cit., 1893, 

) pp. 89. 1 : 34 ^ ma'jps ; Salomon, Sitzb. k. preuss. Akad. Wiss. Berlin, 1899, p. 27. 

*9UiAa IV TJ- 
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other rocks penetrated by occasional veins of pegmatite. Serpentine and 
peridotites are associated with the amphibolite, and Kleinin regards these 
rocks as forming pai't of the zone of Ivrea. Near Arl>edo (north of Beilin- 
zona) numerous slickensides already make their appearance in this baud ; 
these increase in number towards the south, and in val Morol>bia, wliiqh 
has already been mentioned as the boundary, the rocks of Ivrea are com- 
pletely myloniti 25 pd. The normal basement of the Dinarides follows on the 
south b 

Here, therefore, the dislocation lies not without, but within the zone 
of Ivrea, i. e. to the south of it. Hence Mattirolo concludes that it is 
erroneous to regard the rocks of Bellinzona, which are in fact intrusive, as 
the continuation of the zone of Ivrea b But these dislocation.s are 
younger than the intrusion of the rocks wliich liave been mylonitized 
along them. 

To the west the rocks are now concealed by tlie broad valley of the 
Tessin, which extends along the strike for a distance of 12 kilometers, up to 
the north end of lake lilaggiore, l»ut when 8 kilometers further, on the other 
side of the lake, near Ascona, rocks reappear, they are again am[>lubolites 
with granitic intrusions, and these are continued without interru])tiou into 
the principal band of Ivrea. 

To this l)and we will now turn our attention. Its constitution is more 
various tlian the term dioritc would imply. In the south, near Ibxvone 
and Ivrea, norite, hornbleiide-gabbro, and <|uartz-liypersthcne*dioritc are 
enumerated as the dominant rocks At Ihela, within the dioritc band, 
so called bj^- Fraiichi, rocks are cited wbicli range from granite to tonalite, 
from mica-dioritc to r^cks ricli in amphilxde and pyroxene It is stated 
that liighiy basic rocks, such as p(rri<l(.)tites, collect together towards the 
west, while in the east dioritos predominate, and this is particularly the 
case north of the Sesia"\ Gerhicli names seven localities along a tract 

’ G. Kleaim, Bericlit liber Untersuchiingen an den soKeiuirinton ‘ Gneissen ’ u. s. w. 
tier Tessiner Alpen, III, IV, 8itzb, k. Akad. Wiss. Berlin, lOOf), p. 4:^0, and l‘.»07.pp. 251- 
258. It is true that these isolated batliolites do not afford ^'round* for inferring the 
recent intrusive character of the whole of t.h<; Tessina gneisses. 

^ Mattirolo, Boll. It. Com. geol. ital., 1007, parte ulT., p. 29. 

^ Fi-ank, R. van Horn, iVi^ographische Untcrsiichungen fiber die noritischeri Gesteinc 
der Umgegend von Ivrea; T.schermak (Becke), .Min, Mitth., 1898, XVII, pp. 891 420, nnip- 

* Franchi, Boil. li. Com. geol. itnl., 1901, XXXII, Atti uif.. p. 30, 

•’ The most important works are bv Artini f3 Melzi, Sulla Lherzolite di Balmuccia iu 
Val Sesia, Rend. Acc. Line., 1895, 5* Jior., IV b, pp, 87 92; R. W. Schaefer, Der basiflchc 
Gesteinszug von Ivrea im Gebiete des Mastallone-Thalcs, Tsebermak (Becke), Min. Mittb., 
1898, XVII, pp. 495-577 ; C. Porro, Geognostische Skizze der Umgegend von Finero, 
Zeitsthr. deutsch. geol. Ges., 1895, XLVll,pp. 377-422, map, and the already mentioned 
works of Franchi, Stella, and Novarese. Schaefer compares the diorite schists with the 
green schists of Wallis; he believes that all the rocks from the peridotite to the diorite 
were produced from a common magma, and mentions the impression made by a longitU' 
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25 kilometers in length at which nickel-bearing pyrrhotine is mined in 
peridotite b 

The cliorito band, or at least the middle part of it, is followed on the 
west by a profound dislocation, then by a band of Trias limestone. This is 
likewise of great length, and is followed on the west by the supposed Permo- 
Carboniferous scliists of Rimella. They are known to accompany the 
diorite band towards the north-east, as far as the Swiss frontier, where it 
crosses the Cento Valli. Then towards the west we again reach the 
gneiss 

Along the dislocation itself, Franchi mentions prasinite with glaucophane, 
produced by the dynamic inetamorphism of diorite In the south a zone 
of eclogito aii<l mica-schists sets in here, and near Traversella (west of 
Ivroa) this is associated with a <l!orite containing a little quartz, which 
roaches the bami of Trias limestone, prcnluces contact alteration, and gives 

• rise to ore-deposits 

The gneiss to the west of the Rimella schists <lecreases in breadth north 
of 'tlie Sesia, and soon terminates near the upper Mastallone. Towards the 
soutli-west, however, it wirlcns out again and forms the great gneiss mass 

• of tlie Sesia and ^lie val di Lanzo, of which the southern wedge-shaped end, 
acooiiipanied by Mesozoic calc-schists, reaches the Stura near Viu, and 
disap[>cars bi'tween two vast regions of green rocks. 

In the north, l>etween the Sesia and the Toce, a diorite band 

(h'rea II) crops out; it presents the same characters as the principal l)and 
(kinzigite, diorite, gabbro). Gerlach marks it as striking from the other 
side of the Toce for more than 30 kilometers to the south-west, with 
a ijiaxiniuin l>readth of 2 or 3 kilometer.s. To Franchi is due the merit of 
leaving shoxs’n tliat this second baud, accompanied in its course by Rimella 
soliists, extends still further to the south-west, tlnis wandering further and 
furtlKs* away from tlie main ))and ; it may be finally traced as isolated 
outcrops of iliorite and kinzigite gneiss into the valley of Loo (above Gaby) 
in the Gressoney ^ 

<luml Alpine fissure (as do al.st) Artini and Molzi). According to Novarese (Boll. K. Com. 

ital., lUOo, Atti ufl., p. the nickel ores ascend in great veins. Smaller outcrops 
ol peridot itii are mentioned in the east of the ninge. 

^ t;.Ts, ]i(ivmak, Alin. Mitth.,1874, p. 285; Stelzner, Zeitsclir. f. Berg-, Hutt.-n.Salinenw,, 
p, SC; Oerlach, Die Penniuer Alpen, Beitr. z. geol. Karte d, Schweiz, 18S3, XX\II, 
1>. 134 ; J. H. L. Vogt, Zeitschr. f. prakt. Geol.. 1893, p. 257. 

Kor details regarding the we.st border, see Fninchi, Boll. Ik Com. gcol. it.d., 1905, 
I'P. 273 et seq. 

1' ranchi, Boll. R. Corn. geol. ital., 1904, pp. 242-247. 

^ V. Novarese is inclined to regard this diorite as of middle Tertiary age, since it is 
|‘ 0 t dynamically altered ; L’originc dei giacimenti inetalliferi di Brozzo e Traversella in 
Piniionte, Boll. R, Com. geol. ital., 1901, XXXI I, pp;75-9:5, and in Zeitschr. f. prakt. 

1902, X, pp. 179-187. 

i'ranchi, Boll. R, Com. geol. ital., 1907, Atti uff., p. 30. Possibly the Vintlite of Gaby 
ui the Gressoney, mentioned by Preiswerk, should be refen*ed here. 
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In proportion as the band of Ivrea II leaves the main band the Sesia 
and val di Lanzo gneiss lying between them increases in breadth. Still 
further to the south-west we come to the town of Travei'sella, already 
mentioned, which is situated on the eclogite of the main band. These 
rocks now reach the great zone of Pietre verdi, which, striking south- 
west, passes through Cliialamberto and reaches the south side of the Gran 
Paradise; the rocks of these bainls are so very similar that a few years ago 
they were not distinguished on the maps. Here, in fact, the rocks of Ivrea 
appear to .unite with that great region of diversified basic rocks which 
crosses the Stura towards the south, and the French frontier towards the 
west. Where this region is represented by seqrentino, it carries garnet-rock 
and magnetite; it includes the welbknown mineral locality of Alah ,It is 
probable that we must also connect with the main band of Ivrea itself the 
many outcrops of green rocks which, following the margin of the plain of 
Lombardy beyond Ivrea, border the east side of tlie gneiss of the Sesia and 
the val di Lanzo, and extend up to the serpentine and peri<lotite mountains 
situated to the south of Lanzo. 

TowardvS the west lies a large area of Mesozoic sediments and green 
rocks. Liigeon has named it the Chatillou-Zermatt window. It extends 
to the south beyond the Dora Baltea, and inchulos on the north tlio val 
Cliallant, val Tounianche, aiul the val de St. Barthdlemy. On the north its 
rocks plunge below the gneiss of monte Rosa. Whether those groat gneiss 
mountains are composed of four or six or even moiHi sheets is a (jut^stion of 
only secondary importance, and tlio greater or less fr-equency witli which 
the green rocks are infolded with them depiaids merely on the degree of 
local fol ling. 

One of these in foldings strikes fi’om the upper Gressoney through 
Alagna eastwards into the immediate neighbourhood of the band Ivrea II 
(near Rima, upper Sermenza). Another was traced by Gerlach and 
Traverse from the va! Anzasca to Bognanco (west of the Donio d'Ossola) 

If yve cross the window we encounter, on the summit of the gneiss of monte 
Mary (monte Chatalaizena), a patch of l)a>sic rocks, and tlien, on the otlier 
side of a tract formed of a long strip of I’riavS and the gneiss band of monte 
Farona, we find, within reach of the Dent Blanche, a band of diorite and 
kinzigite, which extends through the val Pelliua ; it is accompanied hy 
Trias limestone ^ 

\\ e have here the same assfxsiation of Trias limestone with an igneous 

' Cf. E, Mattirolo, Su di una carta ^w-litologica della Valle di Lanzo, Boll. R. Coiu. 
geoh ital., im, pp. 191-211, miy). 

Ft averse, Geologia deir Oasola, 8vo, Genoa, 189o, 275 pp., map ; on p. 148 a descrip' 
tion of the main range. 

* Mattirolo, Doll. R. Com. geol, ital., 1902, Atti uff., p. 20 at seq. ; Novarese, op. cit-, 
1901, p. 34, 1902, p. 32 ; Franchi, op. cit., 1303, p. 30, 1905, p. 293 at pasaim. 
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band as in the case of the two bands of Ivrea, and there seems to be no 
reason to separate tlie peridotite of the main band of Ivrea, for example, 
from the considerable masses of peridotite which occur above Gressoney, 
and, extending across the Breithom towards Zermatt, separate monte Rosa 
from the Dent Blanche 

Argand points out that the basic rocks in the secondary synclines of the 
Dent Blanche are precisely the same as those of Ivrea, the Dent Blanche 
itself is a part of a great vsyncline, and the ‘ tail ’ (la queue) of the syncline 
is nothing else than the zone of Ivrea itself. To the north-west of the 
Dent Blanche at fivoRme (V'al d’Hdrens) Argand l>elieves he has found the 
end of the recuml^ent fold. If we adopt this interpretation we obtain the 
following section from south-east to north-west: (Trias) marble zone of 
( h’liavasso-Ivrea I— (Trias and Permian?) zone of Rimella — Sesia gneiss — 
Ivrea II (probably a syncline) — gneiss— green rocks of the window of 
Chatillon — then a small piece of the sheet of inont Pillonet (gneiss) — again 
the grt^en rocks of Chatillon with Trias — then tlie remains of the great 
sheet of the Dent Blanche — and upon this once more green rocks. Tliereby 
these* repeatr3d layers of green rocks and Trias are regarded as so many 
rej^etitions of the^band of Ivrea. 

Ivrea 11 and the Pillonet would be connecting links. 

Wliile Argand inb^rs from these facts that a connexion exists between 
the Pietre vordi and Ivrea, C. Schmidt admits that the Dent Blanche is a 
pari of Ivrea, but he agrees with Italian geologists in regarding Ivrea 
itself as ditferent from the Pietre verdi and mucli older; and he interprets 
the Dent Blanche as an encroachment of the Dinarides^. 

For my own part I am inclined to think that the marble zone of Orna- 
vasso is a true component of the Alps. Similar zones of marble occur 
r<‘{)eat«3(lly in tlie Alps, but not in the Dinarides. I\Tea is really a part of 
the compressed and injected marginal cicatrice (III, p. 337), and the green 
rocks are continued into the Alps. Init not into the Dinarides. 

The Dent Blanche, along with monte Mary and monte Emilius near 

• 

' K. Argand, Sur la teetoniquo du muBsif de la Dent Blanche, C. R. Acad. Paris, 
lob. 2B, loot) ; and 8ur la tcctonique dci la zone d’lvree et de la zone du Stroiia, op. cit., 
March 12, 1906. 

‘ t'. Schmidt, Ueber die Geologic des Siinplongcbietcs und die Toktonik der Scliweizer 
Kclogae geol, llelv., 1907, IX, pp. 484-584, map; also Schmidt and Preiswerk, 
(reologiiiohe Karte dcs Simplongehietos, 1:50,000, 1907. C. Schmidt distinguishes the zone 
ct Ivrea from the Mesozoic rocks of the Pietre verdi, but thinks that arc continued on 

tae Adda ; he assigns them to the Dinarides, but admits that a genetic relation appears to 
exist between Ivica and the Ophiolitos of the Biinden schists, since wherever gabbro 
’pears in the Biinden schists basic rocks also occur in the adjacent basement forma- 
tions (p. 547 ^ note) ; L. Milch (Ueber don Granitgneiss vom Koc noit, N. J. f. Min., 1901, 
j p]). 49-88) believes that this rock is a primary eruptive hornblende granite, in places 
approaching quartz diorite ; it has been subsequently altered by dynamic action and is 
probably of Carboniferous age. 
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Aosta, and the region extending ^nce to the Matterliorn and the Weiss- 
hom (north-west of Zermatt), is thuis the remnant of a sheet derived from 
the outermost and easternmost boundary region of the Alps, and at the 
same time it is the element which in a t^fetonic sense lies highest in all this 
part of the Alps. 

The basic intrusions also occur to the north-east of the Simplon tunnel. 
As soon as they had reached tlie upper limit of the gneiss they discovered 
the places of least resistance in the Trias limestone or Jurassic calc-schists, 
generally the bedding planes, and spread out in them. This affords an 
explanation of Preiswerk’s detailed descriptions of the green schists of the 
Simplon region. For this reason they are so often intercalated in the 
Mesozoic sediments one alx)ve the other ; this, too, is the reason why the 
zone of contact of the gabbro lenses witli the Jurassic calc-schists "is 
associated in the Binnentlial with rocks which contain garnet, titanite, and 
zircon. The green schists have been pro<liiced by the mechanical alteration 
of a series of rocks, which, according to Preiswerk, ranges from gabbro anrl 
diorite to dunite and picrite k 

In the case of the green rocks we obtain finally the following 
results : — . 

No ashes or‘ tuffs of those nxiks are certainly known, unless we regard 
as such the diabase tuffs which are scattered through tlie Flyscli of Tavoy- 
annaz. Vesicular lavas or scoriae are unknown. Pelddes of thoirreen rocks 
first make their appearance in the Oligocene Flysch. The green rocks 
fonn sills; ascending dykes such as occur in mont Genevre are rare". 
Homfels occurs in the zone of contact, but not often ; garnets, especiallj' 
in the calc-schists, inu.st be regarded as the direct products of contact 
alteration. 

With great penetration Franchi has distinguished tlio piled-up folds of 
the Simplon type from the structures produced by the flat nnivements 
of one sheet over tile other — such, for instance, as make their appearance in 
the Engadine. But the conception of an ‘ ultrapiega * or fold-fault does not 
explain the facts. Movements, such as that of the whole of tlic Dinaridcs 
towards the north, do not proceed from folding, and Terinier is right in 
separating this movement in mass from that wliich produced the rccuml>enfc 
folds of the plunging .sheet.s 

^ H. Preiswerk, Die Gninscliiefer in Jura und Trias dcs Simplongebietos, I3eitr. g<'ol. 
Karte d, Schweiz, 1907, XXVI, Part I, 42 pp. 

M. Bertrand, iStudes dans les Alpcs .fran^aises, Bull. Soc. geol. France, 1894, 3'- st*r. 
XXII, p. 160; here a comparison is suggested with the tuffs of the Wengen shales in 
the Dinarides. Preiswerk points to the melaphyres of south Tyrol. In like manner 
Kilian and Termier, Bull. Soc. geoL France, 1901, j). 394 et seq. ; Cole and Gregory 
mention dykes of dolerite and augite-andesile on Mt. Genevre, Quart. Journ. Gcol. Soc., 
1890,XLVLpi>. 2954332. 

® Especially in Necessite d’une nouvelle interxiretation,etc.(8ee note 4, p. 135), p- 
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Even far to the west in the val Savaranche (west of the Gran Paradiso) 
a zone occurs which Novarese has described as consisting of quartz diorite 
towards the cast, and of normal diorite towards the west; Rovsenbusch 
associates it with the tonalites ^ The zone of Ivrea evidently stands in 
very, close relations with the tonalite zone of the east. Granite, quartz 
diorite, and tonalite, the gabbro-Uko rocks which range up to the nickel- 
hearing peridotite, together with serpentine and prasinite, are probably of 
coininon origin, though not perhaps contemporaneous. And this assem- 
]>lagc of rocks extends throughout the entire Alps, forming what is 
collectively designated in North America as a zone of granodiorite. 

Frorn the Dora Baltea to the Gesso, This tract is tounded on the west 
by the Belle Donne, the Grandee Rousscs, and the Pelvoux ; on the south 
by the Mercantour. Between tlio Mercantour and tlie Pelvoux there is 
a wide gap, traversed by the Guil, through which the inner Flysch zone has 
moved Forwards in a recumbent sheet over the Helvetian Alps The Gran 
Paradiso is a broad dome ; Lugeon regards it as the carapace of a recum- 
bent fold It is probably due to the arching up of the same gneiss as that 
which forms inont Pourri on the west, the core of the Vanoise on the south- 
west, and the nu\jSS of Ambin (petit mont Genis) on the south. It is in this 
region that tluj lustrous schists meet the formations of the Brian^onnais. 
Tliey are thrown together into piled-up folds; at the same time lateral 
transitions are said to occur. In particular, a vast lobe of lustrous schists 
extends from the val Savaranche to the Grande Sassii^re (east of mont 
Pourri), aiul it seems as though these piled-up folds had overridden all the 
gneiss masses mentioned above ^ 

On the west comes the CarlK)niferous fan. It extends tow^ards the south 


’ Hoscnlnisch, Mikroskopischo WhyBiogiuphie, 4tli eel., 1907, II, p. 282. 

’ In addition to the works of Marcel Pertrand, Kilian, Terniier and Hang mentioned 
above, see, in particular, Kilian, Nouvclles observations ^eolof^iques dans les Alpes Delphin. 
rrovenyales. Bull. serv. Carte geob, 1900, XI, no. 75, pp. 259-277, and Notice expli- 
catoiro de la feuille de Larclie, Ann. de PUniv. de Grenoble, 1905, XVII, pp. 1-12 ; Kilian 
and Termicr, Noiiveaux documents relatifs a la geologic dcs Alpes fran^aisos, Bull. Soo. 
gcol. Fraiictj. 1901, ser., 1, pp. 385 420 ; and Termier, Quatre coupes a travers les Alpes 
franco-italiennes, oy>. cit., 1903,4'* ser., 11, pp. 411-432. For the Italian region of the 
‘^chistes lustres: ]). Zaccagna, Sulla geologia deile Alpi occideniali, Boll. B. Com. geol. 
ital., 1S.S7, XVin, pp. 34G 417, map ; and Riassunto d. osserv. gcologiche, op, cit., 1892, 
XXin, p]). 175-244, 311-404, map, and op. cit., 1901, XXXII, p. 4 and following volumes ; 
iibo besides the works already cited, S. Frantdii, Ancora suU’ eta mesozoica della zona 
<hdlo Pietre vordi nelle Alpi occidentali, op. fit., 1904, XXXV, pp. 125-17vS, map, and, 
iu particvilar, Sulla tettonica della zona del Piemonte, op. cit., 1906, XXXVIl, 
rv. 118-144. 

^ The different opinions arc compared by G. Rovereto, Gcomorfologia del Gvuppo del 
Gran Paradiso, 75 pp. (rej)nnted from Boll. Club. Alp. ital., p. 1906, XXXVIII). 

^ Termier, Snr la necessite d*une nouvello interpretation de la tectonique des Ali)e9 
frauco-italiennes, Bull. Soc. geol. Prance, 1907, 4® ser., VII, pp. 174-189; M, BeHrand's 
sketches may serve as maps to this work, op. cit., 1894, 3® ser., XXII, PI. IV-VII. 
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beyond Brian^on, and even l^cyond Argentiere. In the gap of the Quil it 
disappears, and strangely enough it is precisely in this gap, near rnont 
Dauphin on the Durance, that a little fragment of the Pelvoux granite, 
probably the remains of a flat fold, comes to light. It is not till we go 
further south that the fan reappears, extending from the col de Longet 
onwards; two comparatively small bands unite near Accoglio to form 
a single one composed of Permo-Carboniferous sediments, and this con- 
tinues onwards along the north-east side of the Mercantour. 

The fact that the fan thus becomes extinct at the place where the 



resistance on the west ceases to exist sliows that it is iK^thing else tU^i 
a zone of stowing. Fig. 18, taken from a somewliat early work of 
Franchi’s, shows in a very instructive manner the bending of the several 
zones and the way they die out along tlie strike. On French territory 
Kilian\s map (sheet Lirche) does not mark th»; Carl)oniferous (white in 
fig. 18) on the other side of the Tete de Cialancion, but the main boundary 
betwfien the Brian9onnai8 and the lustrou-s schists is certainly continued 
along this line. The lustrous schists extend as far as the col de Longet. 

I he whole of the middle zone of gneiss, approaching from the Gran 
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paradiso, teniiinates, with the exception of a few traces in the south, in 
tlie mass of Ambin . above Susa. On the east the Sesia gneiss, as we have 
seen, reaches the Stura through the val di Lanzo. Towards the plain it is 
followed, as in a belt, by green rocks, which are prolnibly this continuation 
of the iiiaiii band of Ivrea. Between the Sesia gneiss and that of the 
Dora-Maira mass (eastern part of the Cottian Alps) a gap is left. Passing 
mainly through this gap, but partly across the Dora-Maira mass, the green 
rocks enter the zone of monte Vise, corLlributing considerably to its 
br(.‘adth; monte Viso itself is a great pyramid of sei-pentine. The zone 
of monte Viso, taken as a whole, is a belt of Trias, lustrous schists, and 
green rocks overturned towards the east. It presents, like the whole 
region, a curvilinear strike, and between the Maira and the Gesso it sinks 
beneath the plain. 

So far we liave been following Franchi ; we now take Stella as our 
guide b 

Nortb of the Po, near Revello, a spur of tiic Dora-Maira gneiss proceeds 
towartls tlie 2 )lain (left white in fig. 18). A curved strip of graphite-liearing 
Pej-ino-CarlKuiifcrous here lujrders the south side of the valley of the Po; 
it is prol>al»ly tlv‘ continuation of a similar strip, which more to the north 
has already reaclied the pilain, near Pinerolo, and on the river Pellice. It 
is united with a second spur of gneiss, which projects between the Po and 
the Varaita (gneiss of Venasca). A fairly large arc of Trias, with some 
greet! rocks, surrounds its soutli foot, enters the plain, and, striking to the 
math -north-cast, even reaches the neiglibourhood of Saluzzo. A third 
.spur of gneiss (mont 8t, Bernardo, gneiss of Dronero) succeeds. It sinks 
l i imath the surface along tlie Maira, Then follow the lustrous schists and 
gneii locks of the zone of monte Viso. This, however, splits up. One 
part disappears along tlie strike in the direction of the plain of Cuneo; 
.‘iinjtlier. maintaining the normal strike of the Penno-(/arl)oniferous, passes 
ahaig the Mercaiitour to the Ligurian Alps. All these rocks, extending 
IVom Kevello to within the zone of monte Viso, are isoclinal towards the 
west, south-west, ami south, and only in the outermost folds do they dip to 
tlio south-east. 

Kiliaii believes that the general inclination of the Piedmontese Aljis, 
which persists up to tlie Carboniferous fan, is the result of backfolding. 

tliis case the spurs of llevello, Venasca, and Dronero are free ends of 
Ihe l>ackfol(ls, and ha \’0 been separated off like so many coulisses. 

Tennior has dcscriljcd a section across the fan, extending from the 
IVdvimx down to the plain-. Kilian points out its want of symmetry; 

’ A. Stella, Calctiri foBsiliferi e scisti cristallini dei Monti del Saluzzeso nel cosidetto 
Klbsoidc gneissico Dora-Maira, Boll. li. Com. geoi. ital., 1899, XXX, pp. 129-160, map. 

hi particular in his Quatre coupes a travers los Alpcs franc o-italieiines ; also in 
Necessity d’une iiouvelle interpretation, etc. 
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the western part is steeply upturned, and gives off recumbent sheets, which 
enter the Helvetian region; the eastern part consists of much broader 
segments with a gentler slope. On the col d’Eychauda, west of the town of 
Brianfon, and separated from the Pelvoux only by the valley of a mountain 
brook, the Eychauda, lies a fragment of a recumlSInt sheet. This, in 
apparent contradiction to the preceding structure, seems to liave been 
derived from the east. Terniier finds that such is in fact the case, but that it 
has not come from any great distance, and that it was already in place before 
the fan had assumed its final form \ Kilian suggests that all the Pied- 
montese folds wore originally moved towards the west, and that the back- 
stowing is a later process, connected perhaps with the subsidence of the 
Lombard plain -. 

We may gather from Kilian s hypothesis how difficult are the problems 
presented by the Alps. 

From the Gesso doi{ui to the sea. The Ligurian Alps arc a fairly narrow 
arc-like mountain range, which runs from the Var past Genoa, and connects 
the Alps with tlie Apennines. It is composed of Alpine rocks ; their strike 
cuts across the direction of the range. Towards the north they dip l)eneath 
an unconformable Tertiaiy sheet; on the soutli they are gut off across the 
strike by the sea. 

We have already mentioned the encounter of Provencal, Helvetian, and 
Piedmontese folds along the Vdsubio and the lower Var. In the Ligurian 
Alps we can only expect to find Piedmontese folds of the Briamjennais or 
Piedmontese facies. The whole coast between Nice and Albcnga, along 
with a triangle situated in the interior, having its apex near Tenda or 
Limone, is formed, as we have already seen, by a vast extension of the 
rocks coming from the north-east side of the ]Mercaiitour, and in particular 
of the inner FlyscJi zone. Tlic Mesozoic beds swerve rouin.l the end of 
Mercantour, and become the northern 1)order of this region. They also 
crop out repeatedly from beneath the Flysch. Then their folds, retaining 
the persistent south-east trend of the inner side of the Mercantour, stream 
down to the sea, almost in straight lines, or with but sliglit deflexions. 
A considerable band of Trias limestone), in particular, reaches the cr)ast 
nearly north of Albcnga, and similar outcrops occur as far as Bergeggi, 
south of Savona. As the zone becomes Inoarler, bands of semi-crystallinc, 
and sometimes even gneiss-like, rocks (Besimaudites) belonging to the 
Permian series make their appearance here and there, and beneath tliese, 
exjK)sed at Viozene, on tlie watershed of the Tanaro, lies the anthracite- 
bearing Carboniferous. Rovereto lias given a very instructive map of the 
trend-lines 

^ This is Tennier’s ‘Quatrieine ecaille’ (Les Montagnoa entre Brian^on et Vallouise, 
pp. 110-127 and 167-182) ; in particular pp. 127 and 173. 

* Kilian, C. R. IX® Congrw, etc., 1903, p. 473. 

• G. RoveretOj Carta tettonica dei Monti Liguri, in his Geomorfologia delle Valh 
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In this case, as in the French and the Piedmontese Alps, a long zone of 
PermO'.Carboniferous follows on the west. The separated Permian anti- 
clines of the Cottian Alps (fig. 18) unite in a zone of variable width, which 
enters the Liguriaii Alps, with an east-south-easterly strike, between 
Deinonte and San I^lrnazzo, close to the border of the plain lying south- 
west of Cuneo^. (Jutcrops of anthracite extend for a distance of about 
30 kilometers, striking across the upper tributaries of the Bormida. North 
of Calizzano, on the Bormida di Millesimo, Zaccagna marks a fan, like that 
of the French Alps^. This is aH the more striking since, south of this 
point, near Calizzano itself, Issel and Rovereto have described a small 
independent mass of gneiss^. It would, therefore, seem as though the 
state of things in the north were completely reproduced. 

The anthnicite of the Bormida terminates as a continuous band near 
Mallare, 14 kilometers west of Savona, but traces of it are still visible 
beneath tlie Permian rocks at Quiliano, 5 kilometers only from Savona. 
To the north of Mallare and Quiliano, a far larger mass of gneiss crops out. 
Its outline, if we include a small mass of granite, is Avedge-shaped. The 
point of the wedge li(‘s 10 kilometers west-north- west of Savona, and on 
l)oth sides of thiji town tliese ancient rocks, 12 kilometers in breadth, reach 
the coast. There can l)e little doubt that they are part of a larger mass, 
lying beneatli the sea. Their *strike, determined from intercalated sheets 
of amphil>olit(>, is given l)y Franchi and Kovereto as N, 00" E. ; the southern 
lK)un<lary is sharp, possil>ly a fracture^. 

Both juasses, that of ('alizzaiio and that of Savona, consist of rocks 
which do not resemble those of tlic Dora-l^Iaii’a mass and the Piedmontese 
Alps, 1>ut do resemble those of the Mercantour and inont Blanc. We 
shouM term them Variscan, if the strike Avere not divergent, Tlie relation 
of tli(' Carboniferous to lK)th masses is discordant. But there is this 

Atti 11. Univ. Genova, 1004, XVIII, 226 pj). ; also Arcaico e Paleozoioo nol Save- 
nese, Boll, Soc. fyeol. ital., 1805, XIV, pp. 37-75, maps, in particular PI. II ; E. Israel e 

Squinabol, Carta geologica della Liguria, 2 sheets, Genoa, 1801, and Issel c Traverse. 
Nota sul litorale tra V^ido c Spotorno, Atti Soc. Hgust., 1804, V, 20 pp. The 'frias fossils 
11 nd the stratified succession at Noli, not far from Spotorno, are described by Rovereto in 
boll. Soe. geol. ital.. 1807, XVI, p. 83, and by Tornquist in N. J. f. Min., 1000, 1, p. 176. 

' F, Sacco, I Monti di Ciineo, tva il gruppo della Besimauda e quello dell’ Argentera, 
Atti B. Acc. Sci. Torino, 1007, XLIl, pp. 61-78, map. 

* T. Zaccagna, Studio geologico sugli terreni carboniferi della Liguria oceidentiile, 
Menu Carta geol. itab, 1903, Xll, pp. 147-161, map. A map of the region which serves 

a connecting link north of the Vallone dclP Arma(cf. south-west part of tig. 18, p. 149 ; 
is also given by Franchi and Decastro, op. cit., PI. XII, and Zaccagna in Boll. R. Com. 
ml ital., 1903, XXXIV, PL V, 

^ A. Issel, Note spiccatc, II, Valle di Pallizano, con App. di G. Rovereto, Atti Soc. lig., 
XV, 30 pp. 

* 8. Franchi, Nota preliminare sulla formayaone gneissica e sulle roccie graniticbe del 
inaasiccio cristallino ligure, Boll. R. Com. geol. ital., 1893, XXIV, p^). 43-96; Rovereto, 
Arcaico e Paleozoico nel Savonese, Boll. Soc. geol. ital., 1895, XTV. 
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difference, that the gneiss mass of Savona does not He outside of, but 
within the principal zone of anthracite (on the upper Bormida), i. e. it lies 
to the north-east, not to the south-west of it. Carboniferous, and more 
especially Permian, rocks are also known at several other places. The 
Carboniferous of Quiliano, and all tlie folds to the south of the gneiss 
mass of Savona, are overturned towards the south b At monte Moro, near 
Cadibona, quite close to tlie sharply defined southern border of the gneiss, 
I have observed not only limestone (probably the siiinc lus that from which 
de Stefani cites Dactylopora ami Gyroporella), but also serpentine, and it 
remains to be shown by further investigation whtitlier this southern border 
does not correspond to a profouml <lisloeation, the overthrust of the 
Carboniferous directed to the soutli *. 

East of the gneiss tlic green rocks associate themselves in continually 
increasing (|uantities with the I’crmian and Trias, and at the same time the 
strike ehaiiges. 

Approacliing from monte Viso, the green rocks and the bistroiis schists 
run to the east-south-east; in some places tiiey make* tlun’r appearance 
along tlie mountain fwjt ; they enter the Ligurian iia)untains, aiul extend 
througli these as far as Sestri Ponente, a little west of (kuioa. Following 
the coast from the gneiss masSs onwanl, we encounter, at tlie ruined castle 
of Donegale, near Cogoleto, Trias limestone vertically ii[)lurned, with 
a south-west vstriko; furtlier on, near Avezzauo, we find great slieets of 
schist, with a south-south-west strikt*. ; then, towards Voltri, the )N>cks, now 
associated with serpentine, pass into a north an<l south direction, and tills 
is maintained as far as the Sestri Ponente. Tliere, along the Torre 
Chiaravagiui, the whol(j zone of lustrous schists and griMui rocks suddenly 
terminates against a hand of Trias limestone, running north and south, and 
more than 20 kilometers in length; their |>laee is taken l*y the great 
Cretaceous and Tertiary z(jne of the Ajiennimrs, witli wliicli green rocks, 
of a precisely similar character to those which have just disappeared, are 
associated 'I These most easterly bands are probaldy the reappearance in 
pax't of those wliicli were lost to sight west of Cuneo. Among tlie imlica- 
tions which serve to connect the two are the Kmliolarian rocks which occur 
at Moutenotte, not far from Cairo h 

’ C. do Stefani, L'Appennino fVa. il Colic deir Altarc e la Polccvera, Boll. Soc. gcok itul., 
l'<87, VI, pp. 225-263. 

^ Mj own wanderings in these di.stncts w<!re made in 1>^72, with a vi(!W to nscertaining 
whether the continuation of the Alps lies in the Tyrrhenian subsidence, Ueber den Bau 
der italionhchen Halbinsel, Sitzb. k. Akad. Wisg. Wien, 1872, LXV, pp. 217-221. 

" L. Ma/.zuoli ed A. Issel, Nota siilla zona di coincidonzii dollo fonnazioni otiolitiche 
eocenioji o triadca della Liguria occidentals, Boll. K. Com. geol. ital., 1884, X V, pp. 
map. 

* C. F. Lifona e G. Rovereto, Diaspri penniani di Montenotta (Lig, or.), Atti R. Acc, Bci. 
Icrino, 1805, X.XXI, pp. 167-181. These rock^ arc Mesozoic and associated with Fietui 
verdi; lor thifi whole region see in particular Franchi, II Trias a facies mista con calce- 
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If then we follow the arc of the Ligurian coast, as it cuts across the 
fitriko of the Alps, wo shall observe the following: On the south-west is 
a region belonging to the Brian^onnais and the inner Flysch zone (Aiguilles 
d'Arves). From Porto Maurizio onwards the strike is soutli-east, then 
east-south-east. About 6 to 15 kilometers south-west of Savona, tracCvS of 
tJie chief band of Carbonifei’ous shoulfl approach the sea (through Quiliano). 
Then follows for a distance of 12 kilometers the gneiss of Savona, with 
a strike of S. 60° W. On the other side of --this we meet with Permian 
shales, Trias, green rocks, and lustrous schists. Then the strike gi-adually 
turns out of the south-west into the south, and witli this directimi the zone 
terminates at Sestri Ponente. , 

The Alps in Con^ica, Sanlinia and Corsica must be regar<led as parts 
of a single structure. The foundations of our knowledge of Sardinia were 
laid by lL,a Marmora. He showed that from the hay of Cagliari onwards 
an elongated plain of recent <late, the Campidano, runs north-west up to 
the hay of Oristano, and cuts off «h group of lieights in the south-west of 
the island (Iglesias and Sulcis). Out of this plain, in its most nortlierly 
continuation lu^yond the Ijay of Oristano, rises the volcano of Ferro, deseril >e'l 
by Doolter, and this is followe<l close to the coast by a series of recent 
(.TUl)ti^’e centres^. Then still further to the north a similar plain, of 
slightly less breadth, sots in, which extends to the gulf of Asinara, and in 
like manner cuts off a grouj) of hills, the Nurra, situated to the west of it. 
On tli(> east lies the voleauic region of Anglona. Tornquist thiiiks that 
wo.stern Sar<liiiia is cut through l)y a fault-trough, wliich extemis from the 
gulf (d‘ Cagliari to the gulf of Asinara-, 

Bornemann long ago ol>served that the Trias in the south-west of 
Sardinia resembles the Corman Trias (I, p. 305), and Tornqui.st recognized 
th e same resemblance! in the Xurra of the north-west. Since- a different 
type of Trias is mot with in the nortli-east of Corsica, on the otlier side of 
the ancient Cku-sardinian inas.s, it was suggested that this mass forms part 
of au extensive l)arrier, separating the German from the Alj^ine Trias ^ 

scisto e pietre verdi iicl versanto padano dello Alpi liguri ; Bulb Soc. gool. ital., 1906, 
XXV, pp. 128 1. ‘52. 

' 0. Doelter, Der Vulcan Mt. Ferru anf Sardinien, Denksclir, k. Akad. Wi>s. Wien, 
XXXVIll, pp. 10^5-214, map, and 1S78, XXXIX, pp. 41-06; A. Danuouberg, Die 
Beckenbasalic Sardinions, Centralbl. f. Min., 1002, pp. 0151-342 ; G. Deprat, Les Volcaiis 
^lu Loudgoro et dii Cami)0 d’Ozieri, C. R, Acad. Sci. Paris, May 27, 1907, pp. 1182-118o. 

* Tornquist, Ergebnisso oiner Boroisung der Insol Sardinien, Sit zb. k. Akad. Wiss, 
hcrlin, 1902, XXXV, pp. 808-829, in particular i>. 828 ; and Deprat, Sur los rapports 
cutie les torraiiia tertiaircs ct Ics rochea volcaniquos dans PAglona, C. R. Acad. Sci. Paris, 
'Tan. 14, 1907, pp. 107 109. 

‘ A. Tornquist, Die Gliedcrung uud Fossilfiihrung des ausseralpiiien Trias auf Sardinien, 
Sitzb. k. Akad. Wiss. Berlin, 1904, XXXVIIl, pp. 1098-1117 ; also E. Philippi, Centralbl. 
T- Hm., 1901, pp. 551-557 ; Dorn Lovisato, Rendic. R. bst. bomb., 1903, ser. 2, XXXVI, 
PP' 216-228 ; C. do Stefani, Rcndic. R. Accad. Lincei, 1891, VII, pp. 427-431 ; Tornquist, 
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This theory has given rise to an instructive discussion. It is certain 
that the middle Oolites of Sardinia are different from those of the Italian 
mainland, and contain fossils which, in England and France, are character- 
istic of the Bathonian. This luis been established by Fucini and Dainelli, 
but it appears from their works that this same stage also occurs in trans- 
gression upon the ancient mass on the other side of the Campidano In 
addition, Bassaui has shown, from fossils found by Lorisato, that the fish 
fauna of Glarus {Palaeorhynehua glarmaaus and others) occurs in the 
north part of the Campidano 

South-west and north-west Sanlinia thus presents a stratified succession 
^ in which the distinctive faunistic characters are commingled. In the Iglc- 
siente, a part of the south-west region, the aeries rests on pre-Cambrian, 
Cambrian, and Silurian rocks. The discoi'dant superposition l)egiiis with 
the upper Carboniferous. Botli the older substructure and the series 
superposed upon it have suffered a common folding, at some late period, 
probably one of the earlier epochs of the Tertiary aera. The strike of. the 
folds in tin? Iglesiento corresponds witli the general course of the western 
zone of Sardinia. 

The region on the other side of the Campidano is regarded by Tornquist 
as the foreland of the foMed range just mentioned. The wlmle of the 
centra] and eastern p<*irt of Sardinia is in fact a region which presents 
a precisely similar stratigraphical .succession to that forming the sub- 
structure of the Iglesiento, but it has not V)een disturbed by the later 
folding. Coal of lower Permian date exists in this region, but transgres- 
sions of the several Mesozoic stages also occur, and tliesi.*, licginning wth 
the Bat! oriinn, are not foMerl ; thus, in the south part of tlie island, the 
ancient basement is .surroundeil by uppeu' Jui-assic table-mountains witli 
a karst-like surface, as in the Causses of South France. In tlie Gerrci, 
north, of the Sarrabus, there is a transgressive patch of Cretaceous also, 


Die carbonische Grariitlnirre zwieohen deni oceanisclaai ^rriasmeer und dem enropaischcu 
Triasbinnenmuer, Die Entwicklung der Trias auf Corsira, N. J. f. Min., 1005, lleil.- 
Band XX, pp. 466-507 ; K. Dcninger, Die mesozoische Formation auf Sardinien, N. J. f. 
Min., 1907, Beik-Bd. XXllI, pp. 4-35 map. Traihyceras, PinaooccraH, and other 
fossik occur on the lower Ebro (E. von Mojsisovies, Verb, k. k. geol. Reichsanat., 1881, 
jjp. 105 -107). It certainly seems as though iheTetliya had been cut off from the existing 
Atlantic region during a part of the Trias epoch. Whether a temporary connexion 
existed with Mexico is unknown ; cf. The Balearic Islands, (‘haptcr V, p. 255. 

' A. Fueini, Sopra alcuni fossili oolilici di Monte Tiinoleone in Sardegna, Boll. Soc. 
Malacol. ital., 1897, XX, pp. 150 *160 ; G. Dainelli, Fossili batoniani della ??ardcgna, 
Boll. Soc. geol. ital., 1903, XXII, pp. 253-347 ; A. Tornquist, Pflanzeu des mittcljuras- 
sischen Sandstcins Ost-Sardinien.s, N. J. f. Min., 1904, XX, pp. 149-158. Wo may recall 
the ffict that this stage is repeahKi in the facies of Noruiantly far to the east in the south* 
east Carpathians, Verb. k. k. Geol. Reichsunst.. 1867, pp. 28 -31. 

* F. Baesani, Avanzi di Clupea {Mdeita) ennata nolle Marne di Ales in Sardegna, Rendic. 
Accad. Nap., 1900, VI, pp. 150-158 and 191-194. 
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which seems to bear an African stamp, as in Sicily and Calabria \ A good 
descjription of the neighbourhood of Seui, situated south of the Gennargentu 
(1,793 meters), the highest point of Sardinia, has been given by Pampaloni. 
Anthracite, with Cyathoearpus arborescens and Wcdchia piniformis, rests 
upon the ancient fonnations. This is followed by sheets of Jurassic lime- 
stone, with Genmiya conccntrica, Modiola imbricata, and otlier species, 
particularly such as correspond with those of the Mytilus beds of the 
Helvetian Alps^. 

Still furtlier towards the north, data as to the Mesozoic transgressions 
are wanting. The ancient substructure, maintaining its full breadth, is 
coutiinied towards Corsica; it forms the whole of this island up to an 
almost straight line, which runs from the mouth of the Solenzara on the 
( ast coast, towards the north-north-west, into the neighbourhood of the 
Isles Rf^usses on the north coast. On the west coast, deposits, both of 
inaiiiie and coal-l)caring Carboniferous, are superposed on the ancient 
substructures The middle and west of Corsica, along with tlie middle 
iiinl east of Sardinia, thus l)elong to a mighty Ijranch of the Altaides which 
strikes to the south-south-east. Tliis is the Cormrdinum branch. 

Tlie north-east of Corsica, as far as capo Corse, consists of Alpine rocks 
of the same facies as the Briaiujonnais and the Piedmontese Alps; the 
strike on the coast of Liguria, and the prevalent direction to the south or 
, south-south-east in Corsica, as well as the correspondence of the rocks, 
show that the mountains which reappear at cape Corse are tlie Piedmontese 
Alps. 

C(uii[)aratively ancient schists, possibly Permian, occur at the liase in 
tills region ; witli I’egard to the series above the quartzite of the lower 
'I’rias, we need only remark that Rovereto fouml traces of Gyroporella in 

and Rhaetic fossils have long been known (I, p. 305). At a higher 
iKU'izou lustrous schists occur, then transgressive Nummulitic beds and 
Flysch. Even tlie older map by Hollande marks isolated patches of tliese 
transgressive beds"', and Nentiens more recent survey show-s that the 
I'oundary line of tlie Alpine part of Coi^ica, from the north coiist to the 
east coast, i.e. for a distance of abo\it 100 kilometers, is accompanie<l by 
a similar zone of Nummulitic limestone and Flysch; at one point it is 
interrupted, at others it broadens out to a considerable extent 

^ Si. Tmverso, Calcare fossilifero nel Gerrei, Sardegna, 21 pp., 8vo, 'J’uriii, 1891. 

* L. Piiinpaloni, I Terrcni carboiiiferi di Seui cd oolitiei dcdla Perdaliaua in Sardegna, 
ih ntJic. R. Acead. Lincei, 1900, IX, pp. 845-349. 

e.g, Maury 'fl find of Productus scniireticulafus, near Galeria, Hull. serv. Carte gool. 
1905, XVI, p. 185. 

* G. Rovereto, SulP (ita degli scisti cristallini della Corsica, Atti R. Acc. Sci. Torino, 
1900, XLI, pp. 72-86. 

® Hollande, Geologic de la Corse, Ann. sci. geol., 1877, IX, no. 2, 114 pp., map. 

* Nentien, Ililude sur la constitution’ geologique de la Corse, Mem. pour eervir 
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Th® naturally suggests itself that these rocks represent the inner 
Slysch zone, which has here become an outer Flysch zone. Sometimes it 
I'ests directly on the granite, like the Flysch on the east side of the Pelvoux. 
The beds are steeply upturned, and extend along the cast coast, from Port 
de Favone southwards to the mouth of the Solenzara and beyond. A few 
uncertain data seem to show tliat traces of them occur even as far as the 
gulf of Orosi, in the middle of the .Sardinian coast, but we have no detailed 
infonnation on this point h 

The green rocks occur just as they do in the Alps, and with the same 
divensity, namely as peridotite, norite, gabbro, dialmse, and in particular 
sei'pentine. According to Maury, they penetrate as far up as the Oligocene 
Flysch, and are overlain by the first Mediterranean stiigc^. 

The island of Gorgona has the same structure as the north-west of 
Corsica ; Ugolino descril^es gneiss with a strike to N. SCf W. It is the 
last indication of the Corsardinian branch. Capra ja consists, according to 
Emmons, of andesite ^ is a platform of Pliocene. All the other 

islands are of much tho same nature as the islanrl of Elba; they are thus 
fragments of the Alpine system. 

Relations 'tvith the A2)eihniaei^. Elba has often been describefl ; but it 
will suffice* to mention Lotti s comprehensive' monograph The island falls 
into three parts, as is clearly indicated by its outline. The eastern ami 
middle parts consist of Alpine sediments, green rocks, and granitic 
intrusions. Tlie strike is north and south. Out of tliis basement risers 
the granite dome of monte Capane, which forms the western part of tin* 
island. This granite i.s more recent than the green rocks. A similar 
recent granite also f<.)i'nis the island of Monte Cristo, 40 kilometers .south 
of Elba, and the island of Giglio, situated 50 kilometers towar»ls the 
south-east (witli a fragment of limestone clinging to it, probably llhmdic, 
such as also occurs on the island of Giannutri); it furtlKjr occurs as a 
mighty dyke near Gavorrano (province, of Grossetu), 36 kilometers east 
of Elba. 

Tliese are all remnants of the Piedmontese Alps. 

ji rexplication de Ja carte gcol. de la France, 1807, 4to, 224 pj)., map, in particular 
p. 205. 

^ Hollande, Geologic de la Cor?,«\ Ann, aci. gt'ol, 1877, IX, no. 2, p. 80, note ; C. do 
Stefani, Rendic. R. Acc. Lincei, 1891, VJf, p. 465. 

® E. Maury, Feiiille de Bsistia, Bull. serv. Carte geol., 1903, XIII, pp. OGG GCO; for tlio 
Fly«ch of S. Flourent, ibid., 1904, XV, pp. 273-276, and 1905, XVI, p. 181 ; for the ago, 
1907, XVn, p. 269. 

® K. Ugolino, Appunti della costituzione di Gorgona, Atti Soc. tosc. sci. nat., Fisa, 
1902, XVIII, pp. 197-21.3, map. 

* H. Emmons, The petrograx^hy of the inland of Capraja, Quart. Journ. Geol. Soc., 
1893, XLIX, pp. 129-144, map, 

® B. Loiti,I)eHcrizione geologica delT Isola d’Eiba, Mem. descr. carta geol. dMtal., 

IT, 254 pp., map. 
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The Tyrrhenian vSiibsidence is not confined within the limits of^his" sea^ 
but extends far into the Apennines (I, pp. 136, 276). It includes Florencef 
Rome, and finally the whole of the volcanic region as far down as Vesuvius, 
[t is not till we pass l>cyond this downthrown area that the Apennines 
become continuous. 

In 1892, Stefani published a map of the trend-lines between Genoa and 
Florence In the same year, Lotti described the trend-lines of Tuscany 
starting from the Catena metallifera General summaries have been 
published by T. Fischer and Novarese^. 

The following main features maybe recognized: — 

In the north-east of Corsica the Alpine folds, closely pressed together, 
strike towards the south and south-south-east. In Elba and Cerboli ^ the 
strike is strictly north and south. In the northern region the north and 
south strike is continued, with many secondary deviations, from Sestri 
Poneiitc into the Cretaceous and Eocene of the Apennines. Then the lines 
situated to t!ie east pass into a south-soutli -easterly direction, and with this 
strike, long anticlines, revealing older beds, reach the gulf of Spezia. ^ The 
■ south -south-east, or nearly south-east, strike dominates as far as Florence, 
and then l)ecorncs^ due south-east on the other side of Pistoja. 

In the island of Gorgona, belonging to the Apuan Alps, the strike is to 
st)utb-east ; near Lucca and onwards past Volterra, to south-south-east : 
in the Catena metallifera, more to the south; but beyond Grosseto, to 
south-south-east ; and on the Argentario, as well as inland to the volcanic 
cone of Bolseiia, to tlic south-east. On the other side of the Catena 
nietaliif'era, and of the volcano, tlie strike of the folds, which is south-east 
iliroughout, coincides with the direction of the mountains. 

A gmieral conception of the structure can only be obtained if wo take 
into account the whole region from the Ligurian Alps to the Corsardinian 
mass, and as far as the uniform outer border which the Apennines turn 
towards the plain of the Po and the Adriatic sea. In the north, between 
(knioa and the plain of Ix)mbardy, this region is narrow, but it rapidly 
increases in bre^adth towards the south, and finally occupies the entire 
^^pace l)etween the east coast of central Corsica and the eastern outer border 
of the Apennines. The triangular form, partly open towards the south, 

‘ C. do vStofani, L«? yde^bo dell* Apennino fra Genova e Firenze, CoKinos (d. (t. Cora), 
1^92^1893, XI, pp. 129-151, map. 

h. Lotti, Gonsiderazioni sintciiehe sulla orografia e sulla geologia della catena motal- 
in Toscana, Boll. R. Com, geol. ital., XXIII, pp, 55-71. At that time Signor 
was Ro kind ag to send me a sketch of the trend-lines of Tuscany. One of tliese 
^dirications may also ho found in T. Fischer. 

> w Penisola Italiana : saggio di corografia gcientifica ; Italian translation 

Novarose, Pasanisi e Rodizza, 8vo., Turin, 1902, p. 212. 

F. Fossen, Sulla costa geologica dell* isola di Cerboli, Boll. R. Com. geol. ital., 1885. 
^hpp. 13-17. 

IV 
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corresponds to the divergence of the folds, which in the west strike chiefly 
to the south, and in the east to the south-ea^st. 

Such is the arrangement of the trend-lines, but it remains an open 
question whether or not they reveal the true secret of the structure. The 
very first spur which reachcws the sea at Spezia is overfolded at its extremity 
towards the interior of the land, and for the whole of the I'ange which 
succeeds towards the east, Steinmann assumes adisposition in recumbent 
sheets. Two sheets are to be distinguished here : an upper, with basic 
intrusive rocks, which, like those in Elba, arc correlated with the gi*een- 
rocks of the Alps, and a second lower-lying sheet (limestone chain of 
Spezia, Apuan Alps, Catena metallifera, and otliers), whicli is never broken 
through by the green-roctks 

The Ligurian Alps arc a horst*like segment of the Piedmontese Alps, 
bounded by the Tj'rrhenian subsidence on tlie south, on the north by tin* 
Tertiary >>cds, lH>]ioath which it <lips. These, beds form a complete series 
from the Oligocene to the most recent, and contribute to fill up the Lombard 
subsidence ; they extend northwards to beyond Turin and Casale. On tlu^ 
west the}’’ are separated from the Alps by the plains of Cunco and Slondovi ; 
on the east tlioy extend to tlie plain of Alessandria and Tortona. 

Between Alessandria and Valenza, an anticline, or more correctly, 
according to Saccos detaihsl description, a zone of anticlines, crops out 
from the plain with a west- north-westerly strike. Furtlior away it forms 
three parallel anticlines, the most important of tlicm reaching its northern- 
most limit at Ghivasso. From this point the strike turns to the south-west 
so that an arc, convex to the north, results ; the folding terminates at 
Turin. Sacco, howe\or, has shown that the .same anticlinal formation 
which makes its appearance Ixjtween Alessandria ami Valenza, is already 
visible further to the cast on the other side of tl»o plain of Tortona, wliioh 
is here only 15 kilometers V)road; in other words, the recent foliU of 
Turin are the deflected conthmextion of the of the cjuter border of fie 
Apennine^H themselves^ 

It was not a local movement, but the younger general movements oi 


‘ G. Steinmann, Alpen end Apennin, Monatsber. Deutsch. Oeol. Ges.. 1907, LlX 
pp. 177-183. 

* P. Sacco, La Geo-tectonique de hi haute Italic occidontale, Bull. Soc. beige Gool. 
Brux., 1890, IV, pp. 3-28, in i)aH;icular p. 18 et seq. ; Les Rapports gco-tectoniqvics entrf* 
lea Alpea et les Apennines, op. cit., 1895, pp. 33-40, map, et passim: in particular his 
map on the scale of 100,000 to II Ba( ino terziario e cpiaternario del Piemonte, 8vo, 1889 
1890,634 pp. Rovereto also recognizes their connexion with the Apcnnine8,Geomorfologii^j 
X>. 44. Virgilio attempts to explain these folds by Reyer’s hypothesis of gliding, and 
Bombicci previously attempted to explain the whole of the Apennines in this vray- 
F. Virgilio, La Collina di Torino, 8vo, Turin, 1895, 159 pp. ; also Atti R. Acc. Sci. Torino, 
1895, XXX, pp. 589-606, and Boll. Soc. geol. ital, 1896, XV, pp. 36-70 ; also L. Bombicci 
Porta, Rivendicamento della priqrita, Rendic. Accad, Bologna, April 30, 1893. 
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the Apennines \vliicli caused this late folding to enter the region of 
sulwidence. It is in this way that recurrent free ends are formed. 

In the Apennines tlie green-iwks of the Alps are repeated, chiefly in 
(Cretaceous, Eocene, and Oligocene (or upper Eocene) beds, as in Corsica. 
Ill the nortli they are lTO(|uent, in the south they become less and less 
important. 

On the middle Trebbia, where they are jiot older than the Oligocene^ 
Traverso distinguishes a series of igneous rocks, which has arisen from the 
diiferentiation of a common magma. The first products gave rise to 
Ihtn'zolitc and serpentine, the second to gabbro and dialiase, the most recent 
to granite. The granite only occurs in limited areas, generally as veins h 
Vinassa de Rcgny has described the projecting bosses of Iherzolite, 
norite, and serpentine in the Apennines of Bologna ; nickel -bearing 
magnesite is also sairl to occur there-. 

In Ell>a, as we have ol»scrvcd, the granite makes its appearance in 
gnvitor mass; and tli«?re, too, it represents a comparatively late product. 
The gre(‘n-rocks are transforme<l, by contact with it, into alternating layers 
ul' hoi-nbh.‘n<l(; schist and enstatite-serpentine. This granite is younger 
than the foldings of the Apennines '^. 

Here too, as in the \V(\st Alps, wo recognize rocks which have solidified 
heneath the surface. The age of a largo part admits of no doubt. 

Earlier ol)servers, (Jastaldi for instance, regarded the Piotre vordi of 
the Apennines as identical with the Pietre verdi of the Alps And even 
at a later time, when the greater age of tlie Alpine rocks was generally 
!i.ceepte<l, a few individuals, Travei'so among them, were impi'cssed with the 
possibility of establishing their parallelism ^ 

Tlie twist in the curve of the Alps probalily begins in the Great St. 
bei nhard. In the course of the bend a small part of the coulisse detaches 
‘tsi lf, Injcomcs free, and curves outwardvS towards Saluzzo. The remaining 
part reaches the sea tvs the Ligurian Alps. The meridional dislocation near 
Sestri Ponento (Chitiravagna) is merely the boundary of the coulisses, 
fhe Piedmontese Alps reappear in the north-east of Corsica. Elba shows 
th«* connexion between tlie Alps and the Apennines. 

‘ ^1. 'fraverso, Le liottcie della Valle di Trebbia, 8vo, Genoa, 1896, 83 pp. Saceo is in 
t‘tvour of Oetaceous age, perhaps with Eocene affinities ; Les formations ophitifores du 
t'r-bu-e, Hull. Soc. beige Geol., 1895, XIX, Mem., pp. 247-265. 

!*• E. V^inassa de Regny, Studii geologici sulle roccic dell* Appenniiio Bolognese, Boll 
^‘>'.f;ool.ital., 1899, XVIII, pp. 15-32. 
botti, Elba, pp. 110, 119, 179. 

^ ^iastaldl, Stiidii geologici sulle Alpi Occidentali, Mem. R. Com. geol. ital., 1871, 1, p. 32, 
" 'fraverso. Roccio della Valle di Trebbia, p. 65. The whole difficulty reveals itself 
Jnost clearly in the two. works of Novarese, Nomenclatura sisteuuitica delle Roccid 
nello Alpi Occidentali, Boll, R. Com. geol. ital., 1895, XXVI, pp. 164-181, and 
‘j* brail chi, Notizie sopra alcuiia nietaiuorfosia di Eufotido a Diabasi iielle Alpi Occi- 
' ‘■^tiili, tom.cit., pp, 181-204. Kalkowsky shows that liigurian serpentine passes under 
' >namic influence into nephrite, Zeitschr. deutseb. geol. Ges., 1907, LVIII, pp. 307-378. 
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CHAPTER V 
THE EAST ALPS 

Southern boundary of the Kast Alps- The Lepontinc sheets. Selvretta. Alps on 
the Mur. Oetz, Ortlcr. Dis^nizia, Bernina. Laas. Tauern. East Limestone Alps. 
Flysch and Lepontine belt. 

The problems presented by the Alps east of the Rhine differ in many 
respects from those of the west. The East Alps extend over a much greater 
distance. The manner in which they are connected with the Carpathians 
is altogether different from that in which the West Alps are connected 
with the Apennines, and it is unaccompanied by the great back-stowing 
which occurs in the latter case. The basic sills, such as that of Ivrea in 
the south-west, give place to intrusions of tonalito and granite, rocks whicli 
so closely recall the grano-diorites of America as to suggest tliat tlu* 
andesites at the easternmost end of the tonalite zone (III, p. J154, fig. 17) may 
also form part of the intrusive girdle, and may present similar relations to 
it, as those existing on a larger scale between the andesites of the Cascade* 
Range and tho southern spurs of the grano-diorite of Columbia. The tufts 
and breccias derived from them are inter bedded with the lower Miociaie, 
and the adjacent hot springs now existing are possibly a lingei*ii!g 
inheritance of the past activity b 

The ancient division of the East Alps into the Central Alps, the greV' 
wacke zone, limestone zone and wsandstone (Flysch) zone, which arrests 
attention on the map, seems to point to simple relations ; but the fact, 
already mentioned, that the recuml)ent sl\ects of the Chablais reach the 
Rhaeticon across the Glarus fold and, as we shall see directly, insert them- 
selves in the basement of the East Alps beneath the Rhaeticon, shows th?it 
this apparent simplicity is deceptive. 

On the east the Dinarides advance much further northwards than on 
the west. It should he borne in mind that no natural boundary exists 
between the Dinarides of Greece, Albania, Dalmatia, South Tyrol aiirl 
Lombardy. Continuous trend -lines approach from the far south. The 
folds follow each other, eitlier without interruption, or in alternating 
replacem.ent. They form, in correspondence with the concave bend south 
of Idria, the overthruets described by Kossmat, which precisely resenibh' 

* F. Teller/ ErliLuterungen zu Bhitt Prapsberg (Oest. Special-Kartc, Zone 20, Coh 
pp. 101-168, 164. 
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those to be discussed later in the concave bond of the Appalachians \ In 
the Vellach valley (Carinthia) tlie whole of the Alpine Trias has been 
overturned under the influence of the Dinarides, towards the north ; and 
south of Waidisch, 18 kilometers west of the Villach valley, the Dinarides, 
according to Teller, pass for a short interval far over the Alps. Dinaric 
upper Carboniferous rests upon Alpine Trias 2 . Here Terrnier's hypothesis 
that the Alps have been overridden by the Dinarides is visibly realized on 
a small scale. It must be admitted that the Alps plunge beneath the 
Dinarides, but it cannot be shown that tlie Dinaric boundary was ever 
situated much further to the north. 

Proceeding further to the west-north- west, we find ourselves in the 
region of the long fractures of the Dravc and Gail (I, p. 261). A movc- 
fuont to the north dominates the Alps near the boundary as far as the 
ivioiintains of Lienz ; thence the movement turns towards the south ; Geyer 
ascribes this eftect to back-stowing^. Pressure and denudation are then 
earried to such an extreme that of the Alpine Trias nothing remains but 
narrow roots ; one of these reaches the Brenner at Mauls (I, p. 264 ; III, 
p. 641). This band also surrounds the front of the Dinarides, and, over- 
turned towards the south, extends yet 20 kilometers further to the south- 
west, in the direction of Merau (T, pp. 247, 248, figs. 30, 31). 

The front itself, i, e. the northernmost part of the advancing Dinarides, 
is accompanied hy the granite zone of Brixen. Its broader central part 
is cut through by the Brenner road, north of Franzensfeste. 

The graniti? lies between the Dinaric quartz-phyllitc and the phyllitic 
gneiss of tlie Al|)s. Sander’s observations show that the granite cuts 
Ihrough the Dinaric rocks along their strike ami alters them laterally and 
ai)ove, after the inanncj* of a batholitc. On the other hand it follows the 
striker of tlie Alpine rocks, and is accompanied on this side by a girdle of 
tonalite gneiss In its relations to surrounding rocks, and particularly in 

’ F. Kossiiial, Ueboi-ftfoliieljungcTi iin Itandgcbiete <les Laibaoher Moores, Ber. iatornat. 

Cong., 1003, pp, 505 520, map ; Das Gebiet zwisclieii dem Karst iind dem Zuge der 
•bduiiier Alpen, .lalirb. k. k. gcol. Reichsanst., 1906, LVI,pp. 259-276 efc passim ; Palaeo- 
''oische Schiefer von Eisnern, op, cit., 1904, LIV, p, 96, In the last-named work we 
nuy remark the unconformity of the upper Carboniferous in the Altaides and the con- 
bnued growth of these mountains on the old plan, a phenomenon characteristic of 
•Viatic ranges and repeated in Carinthia. 

^ P. Teller, Erlauteriingen zu Blatt Eisenkappel (Zone 20, Col. XI), pp. 1'^, 19 ; diabase 
and green schists, which occur at sevenil points on the boundary, are reg«vrded as Palaeo- 
The question is not definitely settled: V. Graber, Jahrb. k. k. geol. Reichsanst., 
IS97, XLV II, p. 231. Teller observed south of Villach a previously unknown intrusion, 
'•f tonalite, 1 kilometer in length, representing a connecting link between the tonalite 
‘^1 Eisenkappel and that of the Isel valley. 

■' Geyer, Verb. k. k. geol. Reichsanst., 1903, p. 195. 

^ B. Sander, Geologische Beschreibiing des Brixner Giunits, Jahrb. k, k. geol. Reichs- 
1906, LVl, pp. 707 744, maps. 
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its a 43 tion on the roof, this granite recalls the zone of Ivrea. Since its 
consolidation it has been involved in crust movements, and these acting 
along inclined planes liave completed the mylonitisation of the rock. 

The boundary next turns into a north-north-east and south -south- west 
direction; it runs parallel to the Dinarides, but not (juite parallel to the 
Alps; instructive relations now pre,sent themselves which have been 
described by Stache, Lepsius, and Salomon, stkI, in the Alpine part, by 
Hammer. 

The strike of the Alps becomes confused in the vicinity of the boundary 
(here the Jiidicarian line), and is also draggc'd towards the north-north- 



Fio. 19. Section takan from cast and u:esi( through the Victrnf'ti* TertiMri Th»! nui ;i(. 

right angles to the Oinaric strike. General sul»5>i<lciico towanlH tlie rraetiiro ot Si hio 
c, c Carbonaceous Imd in the Eoceno ; near S. Libera a downthrown patch ottho Schio berls. 


east. At the sanie time the inclination along the boundary is sometinn s 
very steep; at soiae points, wlicre there are good exposures, the Alps ixiv 
wSecn to bend over the Dinarides. The Alpine gneiss contains peculiar, 
conformable, lenticular intercalations of platey olivine. They ow(» tlieii* 
form, as Hammer remarks, to the same distorting force as that which has 
determined tlie structure of the gneiss b 

The Dinaridcs include a long basin of .sediments whicli runs parallel to 
the Judicarian line, and pre.sscs forward, or rather has Itcen carried forward, 
to within 14 kilometers of Meran, witlunit undergoing any importani 
dynamic rnetamorphism. Th<^ stratifierl .s(?ries ranges, according to Vacek '^ 
investigations, from the Pennian to the Oligocene; furtlier south, it als«» 
includes the Schio bed.s^. At the same time tlie radiating lines of the Sav<‘ 
and Etsch (III, p* 341) l>f*ar witries.s to the persistenci; of tlie groat geiiorsl 

‘ W, Hammer, Olivingesteino au3 dem Noneberg, und Ultenthal, Zeitschv. f. 

Naturw., Stuttgart, 1899, vol. 72, pp. 1- 48,3iKip; Die kr>'8laliinischen Alpen des Ultenthala, 
Jahrb. k. k. geol. Reichsanst., 1902, Lll, pp. 105-131 : an inHtructive description of pmt 
of the boundary striking to the Tonalc pass is given bv (L H. Trener, op. cit., 1000, bVl. 
p. 410. 

* M. Vacek, Verh. k. k. geol. Reichsaost., 1894, p. 443, and sheetB Rovereto, Tricnt. 
Cles (Oest. Special-Karte, Zones 20, 21, 22, Cob IV). 
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nioveiiicnt up to very recent times. Between tlie Judicaria and the fault 
of Schio the lines of the Etscli give rise to a subnieridional folding, which 
crosses the normal strike of the Dinarides. Within those lines lies the 
northern part of lake Garda. 

A broad region in the southern part of the Alps swarms with dykes of 
porphyrite, diorite, kersantitc, and other rocks. Whether they are con- 
nected with the intrusions along the lx)undary is not yet certainly known, 
])ut in many cases it seems proliable. As a rule they are not sills, like the 
green-rocks, but ascending fissure dykes and possibly outrunners of the 
hatholitcs of the Adda, which we have now approached 

Lepontine The marly fjicies, with abundant bivalves, dis- 

tinguished l>y Grossly in the Jurassic, corresponds to a contemporaneous 
se^liment in aiiotlier locality which differs lithologically, being purely 
calcareous, an<] palae^ontologically, since it contains a dift’erent fauna. 
According to the terminology of Mojsisovics, the two facies are at the 
same time botli heteropic and lieterotopic^. It was the unexpected appear- 
iinci* of ln*teropie formations which first led to the conclusion that the 
Carpathians had been carrital from a great distance over the Sudetes, and 
the same clue le<J to tlio interpretation of the fragmentary sheets of 
Diiuphim'. 

Pvuvly heteropic lieteiotopy, i.<‘. a dittt.Tencc between contemporaneous 
foniiations at plactvs remote from one another, always implies the existence 
of transitions. Such formations should only be described as pure when 
accessory characters are absent. While Mojsisovics was careful to point 
»)ijt that ‘ chance admixtures such for instance as volcanic ash, must not 
he regar<U‘d as indications of heteropy, yet it is impossible in the study of 
the Alj)s avoid making use of such accessory characters, tlie occurrence 
• »f the green-rocks, for example. In such cases it is obvious that we cannot 
draw the same inferenc(Ns as regar«ls conn(‘cting transitions, <1 el imitation, 
and so on. 

Tin; stratified rocks of the Helvetian and the East Alps form two 
clearly d(dined and fairly pure heteropic series. They are not uniform 
in themselves, and in tin* Trias and Lias of the Salzkammergut, for 
example, a wcill-marked secondary heteropy maki\s its appearance. 
Hroadly sp(‘,aking, they may be regarde<l for the present as stratigraphical 
units. 

lictween these two series lie sheets which are distinguisliod in places 


' W. Hammer, Verb. k. k. geoL Reichganst.. 190t>, p. 175 ; C. Kiva describes similar 
rockg IVom the neighbourhood of the Adamello, e.g. Suiaenit<‘ from the Passo della 
kossola ; Nuove osservazioui siilla rocce filoii. del (Iruppo dell’ Adamello, 8vo, Milan, 

p. 11. 

® K. von Mojsisovics, Die Dolomitriffe von .Sud-Tirol und Venetien, 8vo, Vienna, 
p. 7. 
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by accessoiy characters and which have been very much altered by 
dynamic or other influences. In many cases their lassils, and sometimes 
even their original mineral constituents, are scarcely recognizable ; whereas 
that part of the Helvetian series situated to the north of the great move- 
ments, and the east Alpine series lying high above the planes of movement, 
are exempt from such alterations. For the present we shall term the 
whole of these intervening sheets the Lepontine group. This name is 
destined to disappear as our knowledge increases. The Piedmontese facies 
and that of the Krianfonnais are referred to this group, and we may 
venture to conjecture that transitional connecting links Ixjtween the 
heteropic facies of the Helvetian and the East Alps will be found 
within it, 

III Switzerland we meet with the following fragments of Lepontine 
sheets overlying the Helvetian sheet, as we proceed from w(\sb to east : 
Sulens, Les Amies, the larger masses of the Chablais and the Freilmrg 
Alps, the smaller masses of Giswyl, Stanz, the Mython, Ilierg, and tinally, 
the Berglittenstein, near Buchs, in the Rhine valley. On the other side of 
the Rhine, the series is continued into the Falkniss. Thence it extends 
along the west border of the Rhaeticon and still further govith. 

Investigation is sufficiently far advanco<l in tin’s region to enable us 
to distinguish three sheets within the Lepontine series. These arci : 

1, The lowermost sheet, or the of the r.cniral Pre-Alpi< (Napjie dcs 
Prdalpes im^dianes, Lugeon; Klippendeeke, >Steinmanii). This is known to 
extend from the Chablais to the Rhaeticon. Its most striking charactsirs 
are white Tithonian limestones associated with rod Senoniun (couches 
rouges). As shown in the more complete sections, to the west of the lake 
of Lucerne for example, it compri.ses, according to Tobler and Buntorf, 
Trias gypsum, doloinitic limestone of the S})ielgerten, the Rhaetic, airl 
several stages of the Jurassic, Senonian, and Flysch b 

2. The hreeckt sheet (Nappe de la Bm:he, Ltigeoa), also ra aging from the 
Trias into the red Beiamiati and the Flyt^eh. In tliis sheet the Liirs exhibits 
that peculiar brcccia-like develojnuent which roapjiears in the roots between 
the zone of Moiit Blanc and the Carboniferous fan Beds with Peniar/rinm 
ixthermlatus in the Lias liroccia <leserve mention on account of similar 
occuri'ences in the ea.st. 

The investigations of Steininaiin and his colleagues scarcely leave room 


' A. Tobler and A. Buxtoff', Exc«rsions-Pro;[jr.imni, Eclog^ic Gcol. TTelv., 1905, IX. 

pp. 1 

For claHsification see, in addition to the works already me^ntioned, F. Ja<?card, L*' 
region de la breche de ia Hornfiuh, Bull. lab. geol. Lausanne, 1904, V, 205 pp., map ; 
for roots extending over considerable distances into the Maurienne and Tarentaise, seo 
Kilian and Loiy, C. R. Acad. Sex. Paris, Feb. 3, 1906, et passim ; this is the Brtiche d»i 
Tclegraphe ; Kilian has shown that it is of Liassic age. 
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for doubt that in the Rliaeticon this sheet is covered by the next succeeding 
8heot, that of the green-rocks. This series was observed by Lorenz in the 
Falkniss\ and th<5 observation was confirmed by Seidlitz, vrho traced 
ih(b series over a long distance Further south, in the Plessur range, 
according to Hoek, the breccia sheet gnulually disappears 

3. Ihe sheet of the green-rocks (Ophiolitic, Rhaetic, Vindelician sheet; 
Steinmann). This is not entirely absent in the west, but in the east it 
attains a much greater importance. Steinmann has devoted much attention 
to it. The green-rocks (galdiro, serpentine, diabase), arc frequently asso- 
ciated with deep-sea Radiolarian chert of middle or upper Jurassic age; 
in addition Aptychus limestone, Cretaceous breccias, as well as red Senonian, 
and a peculiar form of Flysch are met with. The green-rocks are often 
liroken up into great blocks near the overthrusts, or converted into green 
schists. Tlie Aptychus limestones may be regarded as indications of 
comparatively deep sea. 

According to Kilian and Lory, the Lepontine sheets are sometimes 
accompanied by \'ery large fragments of gneiss, or granitic torn from 
the basement h 

The facts seojn to stami in accoi’dance with the view that the breccia 
sheet luivS been derived from the Brian(;onnais, on the east side of the 
Mont idanc zone, and t hat as a rule the higher- lying sheet has been carried 
furthest. This is true of the third sheet, in so tar as the Piedmontese 
grcfii-rocks occur in it. The oft-repeated view, supported in particiilar by 
Lugeon and Argarul, tliat tluiy must be connected with the ontermost 
Dinaric lioundary, that is with the limestone which runs along the zone of 
Ivrea, may 1)0 ooinpavod with the theory advanced on an earlier page as to 
the derivation of the Dent JManehe from this zone. It is possible that this 

^ T. Lorenz in Steinmann. naturf. Oes. Freiburg, lOOG, XVI, p. ‘H, note. 

" \V. V. .Seidlitz, (.ieologi^chc IJnttn-suehnngon im Ost-Khiitikon : Her. naturf. (Jes. 
Freiburg, 190G, XVT, pp. 2;V2 -:;gG. 

'■ H. Hoek, Das zentnilisehe Ph'ssnrgebitd. : Her. naturf, Gcss. Freiburg, PIOG, XVi, 
pp, ;i67-448, map. Here then* appe/ars a Klippeii .dieet ; breccia sheet only iiidiciiled ; 
sheet of green*rocks : then an ‘intermediate fragment of Parpan’ consisting of East 
Alidne beds from the Raibl stage upwanls, ami closing with mdiolariaii beds (but above 
are green-rocks), and over this the normal East Alpine series. .laccard tBull. lab. gihil. 
hausanne, lUOG, VII, lo pp.) states that in ihe Freihurg Alps the green boulders occur 
beneath the breccia sheet. According to Hoek this is also the case near Ihorg (Centralbl. 
h Min., 1906, pp. 461-4G5). It is impossible to discover whether elongated folds arc 
]) resent. 

^ G. Steinmann, Die geologische Dedeutung dcr Tiefseebildungen und der ophio- 
lithischen Eruptiva ; Her. naturf. Ges. Freiburg, 1905, XVI, pp. 44-65. The objection, 
that the Ammonites were bottom-dwelling animals, docs not seem to me quite convinc- 
ing ; cf. Jahrb. k. k. geoh Reichsanst., 1859, X, Verb., p. 5 ; for the frequent occurrence of 
kadiolaria in Aptychus limestone, H. Rust, Radiolaricii des Jura, Palaeontographica, 
XXXI, p. 274 ; W. Kilian and P. Lory, C. R. des ColUihoratcurs, Bull. sew. carte 
f?eol. (1905), 1906, pp. 452 456. 
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question can never be settl^Jtl'Jlby direct observation. The connexion with 
the south is destroyed, yet some connexion must certtiinly liave once 
existed between the green-rocks. And since the remains of the sheets form 
a chain extending from the lake of Genova to the Khaeticon, the connecting 
rocks must once have covered a large part of Switzerland ; even although 
a part of the sheets may liave been carried further towanls tlie exterior by 
later movements of tiie great chain. 

Thus, the whole interval extending from the Piedmontese Alps up 
to the sheets and the Rliaeticon becomes a window, rlisturbed by later 
movements. 

We now enter the East Alps. 

iS^'lvretta. I'he Priittigau is a green laml of mountains and hills, bounded 
on the north by the steep walls of the Ehaetieon, and on the east l»y tin* 
outermost edge of the Selvretta. We have alreafly l>rierty ]'ef erred to this 
region (I, p. 139 , hg. 15 ). The following description will show what a great 
advance has since been made, thanks to the labours of contemporary 
geologists, in our knowledge and interpretation of the facts. 

Starting from the Rhone Valley, near Sion and Visp, that important 
trend-line which is marked in the west l>y the inner Flysch zone, extends 
across the Nufenen pass, the Bedretto Valle3^ Aixolo and Scopi. Between 
the St. Gotthard and the Adula it reaches, as an open syncline or root, the 
mountain-laml which separates the vorder Rhine from the upper Rhine. 
This mountain-land joins on to the Priittigau abov e Chur. 

It is a vast region of Biindner schists, a divei'sitied formation which here 
closely re.semblos tlie Flysch. Nearly all the fossils obtained from it in 
the Priittigau point to tlni lower Cretaceous. 

As wc approach the foot of the Khaeticon, or the Selvretta, we come at 
once on to tlu^ L<*pontino sheets. At Partniim, in the reentrant angle 
U^tween the slopes running to west and .south, we see, even from a distance, 
the white wall.s of the Tithonian, which dip Ixmeath the crystalline rocks 
of the East Alps b Far away, near Arosa. oti the west side of the Julier 
pass, in Obcrhalbstein, then below Gravtjsjilvas on the Silser See, an<l as far 
as Silva plana, or even beyond, we may trace larger or smaller parts of the 
Ixjpontine series, or at Iea.st its uppfjrruost nieniter, nipresented by a band 
of serjxmtine, and at the .same time we observe the plunge of the sheets 
bfjieath the East Alps. 

Starting from Partnum we will continue on our way eastwards towards 
the interior of the Selvretta. Tlie mountains increase in height, many 

* There are two divergent descriptions of this region, one by W. v. Seidlitz (see note 2, 
}». 153). vind the other by 0. Ampferer in Verb. k. k. geol. RfdchHaiisl,, 1907, pp. 192-200. 
Ainpfercr's section also marks the Tithonian, Verrucano, Fucoidal Flysch and other rocks 
<fTppirig benealh the crystalline rocks ol‘ the East Alps, 'rithonian luid red Senoniafl 
also occur in Gargejlen exposed in a window beneath gneiss. 
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i^uinniits exceeding 3,000 meters ; ice-fields lirql^u out before us ; we are 
surrounded hy liornblende schist and gneiss witli a nearly east-and-west 
s^trike. At last» when we have travelled from 20 to 25 kilometers and 
/troSHcd the narrowest and highest part of the’Selvretta, the valley of the 
upper Inn opens up before us, and here again, on the east of the Selvretta, 
its near Patnum, on the w’^est, the Lepontine sheets crop out from beneath 
the gneis-s. 

From Ardetz dowuiwards to below Pinitz, a distance of 54 kilometers, 
the Inn flows in tlie Biindner schists. These are covered in the south part 
of this tract by the other L(3pontinc sheets. Traces of them extend to 
i’rntz. Above thorn in the east lies the. gneiss of the Ootzthal Alps, corre- 
sponding to tlie gneiss of the Selvretta on the W(\st. Both siuTound a great 
window. Owing to th(^ presence of the green-rocks tluj whole structure pre- 
sents a remarkable rosmnblance to the window of the Paring (Afr, p. 18) b 

Near the frontier of Tyrol a very remarkalile phenomenon occurs. The 
I’iindner schists at the bottom of the window lH‘gin to arch up in a great 
anticline. The greiui-rocks are carried high up l>y the anticline ; a great 
group of mountains, chiefly formed of Biindner schists, cut through by the 
cahon of Finstermunz ami crowned by the green-rocks, now tills the 
wiiulow, and high al>ove its margin on the summit of the Stammer Spitz 
(3;25(i met(*rs), Pauickewas still able to perceive, overlying the green-rocks, 
a p?dcli of J5ast Alpine I'rias. 

This anticline does not follow the strike of the Alps, but that of the 
wivnlow, as though a late and general movement of tlie mountains had 
attaiiual expression in that part of the Alps which is least heavily 
livndcuicd b Theolmlrl mention.s tw’o or tliree of these sad»lles as occurring 
side l)y side in the south. To the nortli also, in the Ivaun.ser valley, 
aoar Prutz, ?in anticline occurs in the Biinduor schists. 

I'h(‘ window is clo.seil on the south and nortli. In the south the gneiss 
the t'olvrotta cros.ses the Inn, through the Piz Niina, and continues across 
a great thrust-plane to the spurs of the Oetz gneiss b In tlie north, above 
banclcckj the ancient rocks coming from the Arlberg join those of Oetz 
w ithout any perceptilile line of <leniarcation. 


’ Ihe works of Stoininanii, Lorenz, and Rothplclz relating to the wintlow nre enuino- 
in K. Suess, Ueberdas Innthal bci Nivuders, Sitzb. k. Akad. Wiss. Wien, 1905. CXIV, 
}»p. b!)0 7:i;5, these may bo added : W. Schiller, Beologische Unf orsuchungon in 
batiT'Lngiuiin^ 11, Piz Lad Gruppe ; Ber. naturf. Ges. Freiburg, 1906, XVLpp. 108-163, 
; ami K. Zoeppritz, Geologische Untersiichnngen in Oher-Kngadin zwischen Albula- 
nnd Tdvigno, tom. (ut., pp. 1(>4 231, map; for the green-rocks see 0. Stoinmann, 
% cit., 1905, XVI, pp. 44 -65. 

^ biis Innthal bci Naiidei-H, p. 725. 

*^(*1111101*, Liachannagrup])o, Her. natiiif. (lOs. Freiburg. 1904, XIV, pp. 107-180, 
; and Piz Lad, op. cit., 1906, XVI, pp. 108-163, maps ; A, Spitz and G. Dyrenfurth, 
^^»''oiger k. Akad. Wiss. Wien. Nov. 7, 1907, pp. 424 -427. 
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Proceeding towards the iiortli wo reach the broad limestone zone of the 
East Alps ; we cross it and see before us the Flysch zone, which forms the 
continuation of the Helvetian zone. In the basin of the Illei\ liowever, 
near Hindelang, Oberstdorf, and other localities, unexpected relations make 
their appearance along the boundary between the limestone zone and tlie 
Flysch. Mica-vsehist, diorite, and quartzite occur in such developinent that 
Gumbel had no iloubt as to actual occurrenco in this region of ancient 
crystalline schists b The green-rocks are also present here, and Lorenz 
has observed the red Sciionian rouyeti) A map published by 

Steinmann, showing the distrilmtion of the green-rocks, marks them on 
the lller to the north, in tlie Rhacticon to the west, and as far as the upper- 
most part of the Engadiiie to the south, as well as on l>oth sides of the 
window 

All witki th the eiu-lof^ol eomprUin tj Ihwos, Selvretla, Arlherf/y (uu/ 
the Li/nestone AlpSy floats up^ni LejHmtine ,sheet,s. This is a western frag- 
ment of the East Alpine sheet. The distance from the Silser lake in tho 
Engadino, to Oberstdorf in Bavaria, amounts to more than V20 kilomebn-s. 
At Oberstdorf, tlie East Alpine sheet rests on the Lepontine ))elt. aiul below 
this the Flysch represents the Helvetian series. 

Rothpletz, who has done zealous service by his constant endeavour 
towards enlai’ged conceptions, conclmles that the entin* north lx)rd(>r of tie* 
East Alps must liave shifted its position (' sich verlagert’) during the 
over-thrusting 

In the Chablais, the Freiinirg Alps, and tho whole region of the Lepou- 
tinc sheets so far descril)ed, we have been dealing only witli sedimentary 
series of tritling tliickiiess, and accompanied at most l>y' fragments of i\w 
ancient crystalline basement ; in the present case, however, the thrust- 
plane reaches far deeper, and whole mountains of gneiss and granite haw 
been moved towards the nortli. In the north, liowever, the gneiss is 
absent from the basement, jirobably^ because the thrust-plane was directed 
obliquely upwards. 

The Alps on the Mur. The window of the Inn is one of the great 
interruptions winch divide up tlie vast sheet of tho East Alps. The Taueru 
appears sis a second and still larger wdndow. Even in the infancy ol 
systematic investigation, more than fifty years ago, and long before the 
idea of the symmetrical structure of the Alps had been abandoned, it was 
observed that the so-called f A*ntraJ chain comprised two distinct parts, the 

’ W. Oiimbel, Das Auftreton krystalbniHcher Schiefor im fb^Uenschwanger Tliale la-* 
Hincbilung, (ieogri, Jahresh,, MUnchen, i88*<, I, pp, 170- 172; for a petrographical 
dftHtiript Win, in 'I'achcnnak, Min. Mitth., iSSO, X, pp. 500 -54?^. 

* T. Lort-n/., in Htfdnraaan, Ikfr. naturf. Cles. Fr«*iburg, 1006, XVI, p. 71. 

^ G. Stf^nnr;»T;ii, Hoi , naturf. Freiburg, 1900. X, ji. 258, pi. I. 

A. UotbpUitz, (ioulogiwAio Alponfori»r;huiig«n, 8vo, Mannh( 3 n, I, 1900, p. 10.8. 
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lofty Tauern, formed of a mass of central gneiss with a mantle of schist, 
and in contnist to these, a broad region, especially extensive in Styria, 
which contains no central gneiss and does not present a clear, or to any 
extent concentric structure. 

The rocks of the Tauern are repeated, however, towards the east ; they 
are still clearly visible on the Seinmering, and south-west of the Tauern we 
are called on to decide, not only as to the age of the marble rang(3 of Laas, 
hut also as to a possible sah-divli^iou of the grfeat East Alpine sheet. It is 
supposed to be divided obli(|uely along its wdiole length from south-west 
to north-east, as far as the Adda, mto tv:o )noid!eSi more or loss clearly 
defined. 

It will be easier to form a general conception of tlie details enumerated 
if we call attention to the following fact. All the parts hitherto mentioned 
--- ilie. Solvnjtta, Arlberg, Limestone Alps, and Oetz, V)elong to the northern 
moiety, which is l)roadest in the west. The southern moiety attains its 
irreatest breadth in the east : we will approach it from the Hungarian 
lilain.*- 

At a consideralde <li8tance from the mountains, islands of ancient for- 
]iiations rise from , the plain. They begin in the south, east of Gleichenberg, 
and are continued north -iiorth-(iast to the Ounser Berg, and then north to 
the western shon^ of the Neiisiodler See ^ They are accompanied by recent 
rruptive rocks and a chain of carbonated springs, whicli likewise extend 
to tlie west side of the lake. 

1'he rock whicdi forms these islands is mica-schist, with a little gneiss. 

A long bund of phyllite sometimes graphitic, calcareous mica-schist, chlorite 
schist, and serpentine, striking to the north, enters the Alps near Bernstein, 
and may be followed into the Rosalien range. K. Hofmann has found 
fossils near Khofidis (west of Steiuainanger) which Toula recognized as 
Ihivonian 

Tlie contour of tlie mountains does not correspond with the strike, but 
is produced by bay-like subsidences (I, 135, 313, 351). 

L(d. us now turn to the mountains as they present themselves near 
Gratz. 

We find ourselves surrounded by wooded mountains of moderate height. 
'Hicy are separated by V»road, well-populated valleys, of a fairly gentle 
"ilope, and wc might almost imagine we were in a Variscan region. Similar 

' F. StoUezka, Verb. k. k, pfool. Keiebsanst., 18fi2, Xlb p. 114, aiul Jabrh. k. k, gcol. 
bcidiiiiinst. , 18h3, Xlll, pp. 1-25; F. von Hauers Uebersirbtskarto dor oMerioicbisclien 
^lonarchio (1:576,000) represents the greater v>art of this sect ion. Hiener (Bau uud 
hiUi, pp. 4]o -474‘ combined the observations so far made on the ^Ivir Alps in an 
•i^'hjil table feuinnuiry, 

bo ra la and Cr in Old stalks, K. Hofmann, Verb. k. k. gool. Koichsanst., 187 <, p. 16; 

op. cit., 1878, pp. 47 52. 1 have observed a small l>oas of dark Grinoidal \\me%Uuie 
of Uechnitz. 
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mountains extend far to tlie west. They form the fluvial region of the 
Mur, and for this reason we have named them the Mur Alps, 

Hoernes, Penecke, and Heritsch have shown tliat Silurian, of a very 
homogeneous character, is present near Gratz, and al)Ove it lies the Devonian 
in a rich and almost uninterrupted development, extending up to and 
including the Clymenia limestone. This series rests unconforinably on 
older rocks; the lowest member (Grenzphyllite) has furnished Crinoids. 
The series is thrown into several l)road folds, striking north-east, and cut 
through by faults The resemblance of this Devonian to that which 
occurs outside the Alps is so great that Stur inferred the existence of soinr 
connexion with the Devonian of the Sudetes '-. 

In addition, a transgression of upper Cretaceous occurs in the Kainach. 
west of Gratz. It presents the southern (Gosau) facies, and its l>eds, like 
the px'eceding, are thrown into gentle folds with a north-east strike. 

Further west, as tlic mountains grow higher, mica-.schist and gneiss 
make their appearance ; tlie fohls become closer, and sericitic rocks and 
marmorized limestones are more frequent, but nevertheless we are still in 
the same tectonit^ branch of the Alps. Some rocks characteristic of tin* 
neighlx)iirho<xd of Gratz, sucli as the green Semriach schjst (Silurian, lower 
than the horizon of Pentamerus /yelit/ficus, Barr.), are known to occur far 
to the west. Toula had the good fortune to find traces of still recognizahli* 
middle Devonian on the Grel>onze (between Murau and Neumarkt, uj)i)er 
Mur vaHey) ; ami from Gej’cr s works w’e may infer that the same deposits 
(xjcur to the north, as far as OI)er-Wolz ; to the west, a little beyond Murau; 
and to the south, as far as the neightourhood of Friesiich Tins indicates 
a prolongation of the Dev(mian to wntliin about 100 kilometers west 
of Gratz. 

On the Stangalj), south-west of the Devonian mountains just mentioned, 
the Palaeozoic series is difierently represented, the existence of anotlier 
tectonic element being thus indicated. Mica-schist, some gneiss, and then 
limestone of unknown age are covered by anthracite, conUiining the fiona 
of the middle or upper Carboniferous 1 

' K. A. Penecke, Da.s Grazer Devon. Jahrb. k. k, geol. Reichsansl., 189S, XLIJI, 
pp. 567-r>16; F. Heritsch, Studion uber die Tektonik der pahuiOzoiBchen Ablagenin^^^en 
des Grazer Beckens, Mitth. iiaturw. Ver. fur Steiermark, 1905, jip. 170-2‘24, and Beiner- 
kujigen zur Geolo/?ie des Grazer Beckons, op. cit., 190b, pp. 96 184 ; Vacek, Vcrlu k. k . 
geol. Reichsan.st., 1906, pp. 203 2;J8, arrives at different conclusions. 

2 D. Stur, Gcologie der Steienoark, 8vo, Gratz, 1871, p. 122 et passim. 

- F. Toula, Die Kalkc der Grebenze. N. J. f. Min., 1893, If, pp. 169 173. G. Geycr 
regards these limestones as Silurian, because they lie beneath the schists of SeiuiiacU; 
Verb. k. k. geol. Reichsanst., 1893, pp. 406-415 : Toula’a palaeontological argunienis seem 
to me conclu.sive. 

V. Pichhir, Die Umgebung von Turrach in Oher-St(fyermark, Jahrb. k. k. Keichsanst, 
ISSS, IX, pp. 185-228 ; D. Stur, op. cit., 1883, XXXllI, p. 194 ; F, v. Kemer, Verb. k. k- 
f'<‘o!. Rcichsaiigt., 1895, p. 324 ; W. A. Humphrey, Ueber einige Errlagerstiitten in '1®' 
Gingebmig der v^tangalpe, Jahrb. k. k. geol. Keichsanst., 1905, LV, pp. 349-368, map* 
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Let us next direct our steps to the south. 

The fact which first attracts our attention is the occurrence of fossili- 
fcrous marine beds of jbhe second Mediterranean staj^e in the Ijavant valley, 
which they occupy as far as the west side of the Kor Alp, so that this 
broad valley must be of great age h 

West of this locality and to the north of Volkermarkt and Klagenfurt 
we come upon patches of North Alpine Trias, let down into tiie ancient 
formations ; these are parts of the long Trias band of the Drau Over 
the Trias lie the Oosau l>e<ls, and over these again, encroaching on the older 
rocks towanls the north, the Eocene. This consists of variegated clay, coal 
accompanied by Ostrea Jtoncana, Natie.a Vulcanic &c., correlated by 
Oppenheim with tin*, beds of Ai Piilli near Valdagno, and finally Nuiniiiu- 
litic beds. The whole series is fairly well folded. 

These diversified fossiliferous transgressive beds render it improljable 
that any other great nujuntain fragment, such as the Dinarides, has been 
thrust over the middle part of the Mur Alps, which are here more than 100 
kilometers broad. They also show that the long >5onc of North Alpine 
Trias, which follows the Dinaric boundary in the north and occurs in the 
valley of the Gurk, 47 kilometers north of this boundary, also belongs tp 
the Mur Alps. In the Gail valley a long dome of mica-schist and gneiss 
crops out between the Trias and the Dinarides ; this also belongs to the 
Mur Alps. But the lofty mountains which rise to the north of the Trias 
of tlu! Gail valley, such as the Kreuzech to the south of the Tauem, were 
recognized many years ago as difi'erent from the rocks of the Tauern ; they 

a western continuation of the Mur Alps. The subsidences of the Trias 
lu ar the Lienz repeat on a large scale the subsidences on tlic Gurk. 

Tliis southern part of tlie East Alpine sheet thus comprises : - the 
Devonian mountains of Gratz and the whole region from tlu? Bachor rangt* 
to the S<?mmoring, the Mur Alps, Kreuzeck, the Trias on the Drau, ex- 
tending to Lienz and beyond, also tlie narrow range of ancient rocks 
between this Trias and the Dinarides. One might suppose that the Palaeo- 
zoic ])eds of the Mur Alps are directly connected with those on wliich the 
northern Limestone Alps are superposed, and that the Trias patches of the 
south with their northern facies arc directly continued into the north 
Limestone Alps. Bid this is not the case. 

Let us once more begin our survey in the east. 


^ Examj)loB of this abundaTit fauna arc gfiven by II. Hofer, Das Mioo:iii von MuliUlorf, 
■bhrb. k. k. geol. Roichsanst., 1892, Xblll, pp. 311 324. 

* H. fiofer, Die geologischen Verhiiltnisso der St. Paulor Berge, Sitzb. k. Akad, Wiss. 
'7ien, 1894, Cl II, pp. 467-487; K. A. Itedlich, Geologic dea Gurk- mid OOrlschitzthales, 
•Lalirb. k. k. geol. Roichsanst., 1905, LV, pp. 329-348, map; for the correspondence with 
Yv in particular, A. Bittner, Die Trias von Kberstein und Polling, op. i it,, 1889, 

pp. 483-488. 
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On the Sewtmrmg unexpected relations already make their appearance. 
In the zone traversed by the railway there is a general dip to the north. 
Approaching from the south we first encounter crystalline rocks, and then 
a zone of Trias, the development of wliich is different from that of the 
adjacent Limestone Alps of the north ; the Trias dips to the north beneath 
a zone of graphite-bearing schists and quartzite, in which Toiila lias 
discovered a Carlxiniferous flora ; these dip in turn beneath a zone of schist 
of undetermined age, and this finally fomis the basement of the Trias of 
the northern Limestone Alps. Thus two zones of Trias are present, the 
Trias of the Semmering and the typical East Alpine Trias of the Limestone 
Alps; they are separated from one another by limuic Carboniferous and 
various schists. Since all the beds dip to the north, the exotic Trias is 
inclined beneath the normal Trias of the Limestone Alps. In the exotic 
Trias, Toula's investigations enable us to distinguish the following: — 
quartzite and sericite schists with gypsum, thick liglit-coloured Gyroporella 
limestone, the Swabian facies of the Rliaetic stage, and dark limestone w'ith 
abundant Pentacrinus b 

The exotic Trias disappears towards the west, while the liuinie Carlxnii- 
ferous, which according to Stur contains the flora of Schatzlar, still 
persists. 

It has been shown by Stur, and in still gnaitcr detail l>y Vacek, tlfSxt 
a band of graphite-bearing schists, similar to that just nieiitioned, and 
sometimes containing similar plant-remains, proceeds from the Semmering 
and extends towards the south-west to St. Michatd, near Leoben, and 
the^nceto the north-west, through the valleys of the Liesing and the Palten 
to Irdning on the Enris, i.e. for a distance of 150 kilometers^. To the 
south its basement i.s formed of gneiss and Uncient schists. The bods 
where they have been observed in detail are seen to dip to the north-east 
and north-west beneath the older zone of rocks wdjich follows on the? 
north ^ ; but to Heritsch i.s due the merit of having shown that in the Sunk 

^ F. Toula, GeoIogiHf:h»? Untersuchangen in der ‘ Grauwacken/, one ’ tier ikorihistlichen 
Alpen, Denksclir, k. k. Akad. Wiss. Wien, 1885, L, pp. 121 184, map; Die Semmerin^?- 
kalke, N. J. f. Min., 1899, II, pp. 15*5-103, and Fiihrer zuin Conw^rcss, 1803, Exkursion auf 
dem SemmerinjEf, 50 pp., map, 

“ D. Stur, Fundf? von untercarbonischen Ptianzen der Schatzlar-Sehicbten am Nord- 
lliinde der Centralkette, Jahrh. k. k. Pieichfianet., 18''^3, XXXTII, pp, 1^0-206; 11. Baron 
von Foullon, Ueber die petrogra})hi.sehe Besehalfenheit, &c., tom, cit., pj). 207 252 ; 
M. Vacek in many places, and i)i particular in Verb, k. k. geol. Reicheanst., 1884, p. 390, 
1886, p. 71, and 1893, p. 403 ; fuiiher in 0. von John, Ueber sleiriscbe Gnipbite, op. cit., 
1892, pp, 413“ 418 ; also R. Iloemes, MetamorpiikmuH der obersteieri.scben Graphitlagcr, 
Mitth. naturw. Ver. Steiermark, 1905, pp. 90-131. The fn?(:|uently mentioned Blaseneck* 
gneiss is shown by recent research to be .sericitic quartzite with a little felspar. 

* For example, M. Vacek, map in Verb. k. k. gcol. Reichsanst., 1805, p, 299; Erz- 
lagerstiitte von Kallwang; K. A.l^dlicL, Berg- und Ifiittenm. Jahrb. d. Montanlehranst. 
Leoben und Przibram, pi. I, map and sections of the Radmer coppermine. 
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(upper Styria) this graphite-bearing zone is overlain by tlie lower Garboni- 
tVi’ous with Productus The Ead Alpine serieif—SUuTiun, 

peivnifin) lower Carhoiviferons^ and Trias — rests the liinnie middle 

(,r iipper (hirbowifevoths. This is an important step in the aiialy»sis of the 
Hast Alps. 

Tlio lower Palaeozoic series crops out as far as eastern Tyrol at the 
south foot of tlie north Limestone Alps. It forms th(j basement of the 
iKirtli Limestone Alps which rest upon it uncon f or mably, although to 
1 login with they are in intimate association with V'errucano or Werfen 
sh;iles. It is absent from the Semmering section and in western Tyrol, 
but tln’oughout the whole tract from the Rhine to Gloggnitz, a distance of 
180 kilometers, no trace of graphite or limnic Carboniferous has ever been 
nijserved beneath the Trias. 

The limnic ('arl)oniferou.s is everywhere distinguished from the typical 
Last Alpine scries. On the Semmering it rests upon (or at least north of) 
the exotic 'Irias : on the Brenner we again find it associated with exotic 
Triiis ; in the long band of ui)per Styria it is not accompanied by Mesozoic 
hrds. In the south, beneiitii the Trias of the Urau range, no Palaeozoic 
ionuations whate.ver are to be seen, although they are so largely developed 
ill the adjacent Ciirnic imnin tains (l)inarides). 

In this way two complexes may be distinguished: I, the crystalline 
hasi'iueiit, marine Silurian — Devonian — lower Carboniferous, and the whole 
'»!' t\io East Alpine Trias: and II, crystalline basement and limnic Carboni- 
I'orous of tlie Schatzlar stage (according to anotlier determination, Ottweil 
llora). 

The distribution of 1 and 11 is very remarkai)le. The wliole of thr 
north is occupied by 1 (north Limestone Alps, and their southern lowei- 
Pntieozoic belt =- the northern moiety of the East Alpine sheet). South of 
ihis follows II (Seminering, upper Styrian graphite band, Turracli, and th(‘ 
Ihcnner). Soutli of tliis again follow the representatives of 1 (Silurian and 
IK'voriian of Gratz, extending down to the Grelnuize), then the north Alpine 
fi ias of the Drau range from tlu‘ Bachor to the Brenner (= southern moiety 
'»f tlie East Alpine sheet). 

0(7; Ortler, On the Eiuis, above Irdming, the belt of lower Palaeozoic 

present, though Init little developed ; then abovtj Scbladming «i narrow 
l‘an(l of 'JT’ias limestone makes its appearance with a divei-gent strike to 
d»e east-north-east; this proceeds from the Limestone Alps and seems to be 

t down into the ancient schist. It crosses almost the whole of tlie schist 
Mojsisovics named it tlie Mandliiig band. 

Overlying this liaml of Trias, ({umbel discovered riuartz sandstone with 
‘^*^>»uiiulites. The band is cut thi'ough by the Enns. South of Uadstatt. 

^ P. Heritsch, Anzeig. k. k. Akad. Wiss. Wien, March 21. 1907. 
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clay sets in, contoining splintei's and thin seams of lustrous coal (Glanz- 
kohle), which dips towards the north-west beneath the high mountains; 
a little remnant of these coal-bearing beds, continuing the strike to the 
east-north-east, has been preserved, 900 metei*s higher up, on the Stodcr 
Alpe (1,700 meters) which is a foothill of tlie neighbouring Dachstein range. 
It seems as though the southern border of the Limestone zone, elsewhere so 
continuous, is here cut through by an dblitjiic dislociition b 

Tliese Tertiary outliers are <|uite isolated. The Eocene on the noiih 
torder of tlxe Alps is 55 to 60 kilometers <listant, that of the Ourk valley 
almost 100 kilometers; nowhere but on the Giirk are they accompanied by 
coal-bearing beds, and there, as on the Enns, they rest on East Alpine, not 
exotic, Trias. 

C-lose to the south foot of the Stoinerne Meer (Trias), upper Silurian 
fossils are found in slate ; then come thick limestones and dolomites in 
which, near Kitzblihel, Olinesorge found upper Silurian and Devonian 
fossils. Here we have a continuation of the Silurian-Devonian Iwind of nortli 
Styria. It grows narrower, the l)eds become steeply upturned, and finally 
it disapf)ears near Schwaz, on the Inn, 24 kilometers ludow Innsbruck'*^. 

This hind is Ixordered on tlie south by ancient pliyllito, upon which it 
rests directly. Througli the phyllite there runs across tlie Brenmu'stnisse 
a tongue of gneiss mica-schist, 14 kilometers in length, which is an eastern 
prolongation of the ancient range of Stubai. In this way the ancient 
rocks of the Mur Alps, east of the Tauern, are conmK;ted, soiitli of Innsbruck, 
witli those of Stubai in the west. 

The largf3 and ancient mass of Stubai and Ot;tz is thus older than the 
Silurian. It surrounds the we.st of the 1 aiiern, and just as it is connected 
south of Innsbruck with the Mur Alps in the east, so south of Landeck it 
is connected with the Sclvretta in the west, anil thus forms the frame of 
the window on tlie Inn. 

As the ancient rocks of Oetz are, covered by the Limestone zone in the 
north, so in tlie south thijy are overlain by tlie Kraulio range, an extensive 
fragment of East Alpine Mesozoic limestone. Its southernmost extremity 
forms the Ortler (3,902 meters). This range extends to the .south-east' 
border of the window of the Inn, and is traversed by disturbances which 
reveal in numerous places the pliyllite liasemcnt lieneath the Trias. A 
patch of up^xxr Trias an<I Lias inclined towards the north with an eaat- 

’ W. V. Gttmbel, Sitzb, k. bayr. Akad., Munchen, 1*889, XIX, p. 383; E. v. MojsifiO- 
vies, Verb. k. k. geol Reiehfsariat,, 1897, p. SIO, 1898, )>. 14, and 1900, p. 8; F. Trauth 
in Beckc und TJhlig, Oeotektonische Untersuclningen, Sitzb. k. k. Akad. Wiss. Wien, 1906, 
CXV, p. 1730. 

* T. Ohnesorge, Verb. k. k. geol. Reichsanst., 190.^. pp. 373-377 ; for Schwaz, Jahrb. 
k. k. geo!. Ilcichsanst., 1903, bill, p. 377: for the eastern part ir ar Dienten, A. Till* 
Yerb. k. k. geol. Reichsanst., 1906, pp. 323- 335; a good simimary with a small map i» 
given 1 y Diener, Bau und Bild, pp. 433 et scq. 
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rjonth-east strike lias been followed by Sehlagintweit from the sources 
of tlie Adda into the limestone, masses of the Ortler^. 

On Swiss territory, phyllite resting on Trias, was described by Theobald 
iit several localities in the iininediate neighbourhood of the Ortler, and 
Tennit^r has exprossed the opinion that the Ortler consists of several shei^ts 
oiiginating in recimibont fold.s and thnist one over tluj other to the north-. 
Oji Monte Seorluzzo (3,094 meters), about which the Stilfser Joch Strassc 
iJe.se]*iV>es an «arc, Freeh ev^en encountered Trias limestone, in a window, 
l>em>ath the phyllite. Furtlier north the inttircalations of the limestones 
in the ancient schists are repeatesl In the mighty limestone walls of the 
Ortler the pliyllite is not to lie found. The traveller along the highroad 
regards their foldings with amazement. Freeh found that the beds were 
i-epeated five tiim^s in tht? Kdnigswand (3,875 meters), and seven to eight 
times in the Trafoier Eiswand. 

On tli<i east, liolow the Kdnigspit, Hammej* found that tin; Trias, as 
well as the pli^'llites whieh join it on the south, an; steeply u})turned. He 
regards the sonthern border as a fault"*. 

It is possilile, that tlie whole mass of tlie Ortler will liave to lie 
interpreted a>s a s;yi[iclim‘, oiien towards the north, and comj)licated within 
iiy si‘(*on<lary bilds and tlirust-planes. 

W'O niay n»gard all the orographic elements montioned above, from the 
phyllite of lindstait to tlie Silurian and Devonian of Kitzlaihel, and from 
the phyllite south of Innsbruck which cxtemls to Stubai and the Ortler, 
as members of the nortln*rn moiety of the East Alpine sheet. This classi- 
ticnti»)n also appli<*s to th(; formations of Oetz, as alnaidy poinUsI out. 


’ A. Sj»it/- nini <». Dyreiifurih, An/rig. k. k, Akiul. Wiss. Wien. Nov. 7, 1907, pp. 4‘J4- 
: K. /o»;pprit/, ( Jeologi.sche UntrTsncluin!^.'n in Ober-Kngatlin zwisoben Allmlapass 
uiid Livigno, Ber. viaturf. Freiburg, 190(), XVI, pp. 104-2^11. map; O. Schlagintweit, 
Ibe tektonischen Verluilinisse in den Bergen zwischen Livigno, l^ormio uml Miinsterthal, 
bjaugural'Dis.sertiit ion, 8vo, Miincljen, 1907, 29 pp. 

“ P. Tennior, Les Nappes des Alpes oricntales et la Syntheso dos Alpcs, Bull. Soc. 
• 4 rol. France, 1908,4'^ ser., Ill, ])p, 71 1-7 (>.'>, ma]>, in particular ]>. 750 ; Sur Ics Nappes dc 
!ab*gi(>n dc I’Ortler, C. B. Acad. Sci. Paris, Oct. 17, 1904. 


‘ T}i(‘ infolded beds on the llochleitenspitz des(.*ribed by Ifanuncr must probably be 
n gardcd as forming a synelinc up<*n towanls the north. Hammer has himself inter- 
I'lolcd the disturbance of Kleinbrod-Uebergriinm in this way. For these occurrences see 
A. Hotlipletz, Geoh>gische Alpeiiforschungen, 1905, 11, 261 pp.. map, in particular p. 142 
ct set). ; F. Freeh, Ueber den Gebirgsbau der Tiroler Central-Alpen mit besonderer 
Ihicksicht aiif den Brenner, Wias. Erg*anz,“Hefte Zeitschr. d. Alponvereines, 1905, 11, 
}»p., map of the Brenner, in partii ular p. 70 et scg. ; P. Termier, Les Alpes entre le 
Pronner et la Valtelincs Bull. 8oc. gtK>b France, 1905, 4^ sih*., V. ]>p. 209 289, map, in 
i»arlicularp. 236 et seu., also op. cit., Compte rend, somm., pp. 159 161 W. Hammer, Vor- 
***'dig(*Mittheil ungen fiber Neu-Aufnahnm dor Ortlergruppo, \%*rh. k.k. geol. Reichsanst., 
*W>,pp. 174-188. 

W. Hammer, Val Furva und Val Zebru, Verb. k. k. gool. Reichsanst., 1902, pp. 320- 
*‘^■10, and op. lit., 1907, p. 234. 
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Df\'^graoia find Bernimi. The western limit of the Eavst Alpine 
development is clearly apparent in the Kliaeticon and at the western 
margin of tlie Selvrotta. Its presence is marked l>y the belt of Lepontine 
sheet*s which dips beneath the East Alpine gneiss, and in particular by 
a strip of green-rocks, wliieh inei eascs in l:>n^adth as it proceeds through 
Oberhalbstcin towards the south. 

Close to the limit rise the limestone mountains of Splligen ; Dionej* 
interprets tliem as the most westerly representatives of the East Alpine 
development. Piz Curver, the i^astern limestone mountain, is the hist ol 
a chain of limestone mountains (W'eissberg and otlnjrs) running to the 
east-south-east, in which dolomite, traces oi Rhaetie, Helemnite‘s in red 
limestone, and other indications, point to the East Alps. 1V»war<ls tlie ivest, 
however, i. e. in the directiim of Avers, they present steep bussett etlges, 
are inclined towards the east, unite with the green-rocks ot (>berlmll>steiii 
and dip together with tliese beneath the East Alpim> sheet (l^iz d Err, 
Cima da. Flix and othei' ptaiks). t-on(*erning the W'eissberg, Theol»ald 
writes that the Hitiestone l^ecomes nicarbU* towards the east, while toward.^ 
the west, in the same mountain an*l in the sjime beds, little or m) alteration 
occurs Further away, in the direction of the 8e[)tinier [>ass, we lind 
in fact only sheets <and .stri{).s of whitv‘ marble within the greiai -rocks. 

The gneiss <diains of 'Pessin, as we have seen, are arranged in such 

a way that eacli of them sinks lierit^ath the succeeding chain on the east, 

and is separate<l from it i>y a Mesozoic intercalation, Surotta-Stella has 

been mentioned, as tlie most eastr^rly, and the sedimentary strip from 

Avers to the Septiiner pass has been descriiKsl as re.sting u[>ori it in the 
east. But thi.s sinks agai]> towards tlm east beneatli tin.* F]ast Al{>ine sheet, 
which now occupies a hiud/nr that af (he gaelss rhainti of 

Tei<8i It . 

The Weis-sitcrg cannot tlieiefore be |>ai’t of the ty[>icfil Ea^t Alpiu»‘ 
sheet (Braulio), It dij^s along with tln^ green-rocks beneath this sheet, 
and is in fact Lepontine. Possil>ly its seiliimmis may In' correlated witli 
the Brianf;onnais, whicli re.sembles the East Alps in sr) many n^spects. 

On tlie other si<le of the Septiiner pass tie* iioundaries become uKjn* 
irregular. Oreen-rocks ami a seilimentary zone, then run plainly south- 
wards to the Piz Ireinoggia, underlying the gneissi.^s ami granites 
Bernina in the V"al di Fex, and sejiarating them from tlio anciimt rcK'ks 
to the we, si. Diener has riescribti?] thi.s belt in detail. To the soutli, in the 
Val Malenco, the groen-rock.s are widely »*xtemled. Th<^ summit of Monte 

■ 0. Theohalt], Heitnig; z. j^colo^dschen Karte der Heiiweiz, ISfifi, 11 1, p. I-')?. Theohai'i 
writt'w Wcissborn ; on sheet AX of his map we find a representaiion of the region 
about to Ite 4 lij 5 (:iissed. Theobald, who was an -tditiirable obscrvtn*, was so far inlhieneed 
b> inc cnicf ptioTis of hif' t-ait: that he ban inti-i proted almosi every pinehfsl-iu band (d 
Trias as p.nt of a r.oucenthc synohn* . 1 ’)o: ro.xl .4 vf ., tli*- farts nV)S(*i v»‘d. 
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della Disgrazia itself (3,676 meters) consists, according to Melzi, not of 
granite Imt seri)eritiric ^ ; and although tliese Pietre verdi recall in so strik- 
ing a manner the Piedmontese Alps, yet at the same tirrni tlie gneiss of the 
Disgnizia displays a particular resemblance to that of the CSran Paradise^. 

The bolt of the V'^al di Fex is nottlie only one; the green-rocks advance 
in particular towards thi^ Val Bregaglia, where on the south slojie of the 
Marcio they are also accompanied by gypsum, a certain indication of Tr-ias. 
We will now, however, turn to the east. 

From Pontresina onw^ards we ohserve, on tlie east side of the Bernina, 
'brias and Lias forming a series of wedged-in synclines. Omi of these 
strikes along the south sirle of the Piz l..anguai‘d ; a sccoikI, the Pi/ Alv, 
runs in an arc, slightly twisted north of the pass, across tlie road ; a tliird, 
•striking north and south, lies east of Poschiavo. Between them lie smaller 
IVagments, <‘lii<‘lly of gypsum. Here we havi^ tlie profoundly denuded 
remains of a system of folds. On the Pi/ Alv, Diener distinguished 
{jUart/ite, lower Trias (?), Main dolomib\ Khaetic beds, and Lias ■. At other 
{>lacf.‘S porphyry makes its appearance Vieiieath the (jiiart/ite. A few berls 
show tier lM‘ginning of marmori/ation. Oreem-rocks are not known in 
this serii's. 

As early as 1H84, Diimer observed the close ivsemblance of the <lMrk 
Priifaerinns lieds to those of the Semmering. It is still doubtful whether 
(bis group must be assigned to the Spliigmi mountains and the Brian- 
rwimais or whether it aln‘a<ly belongs to the Ka.st Alpine cover itself. 

South of Poschiavo a cliange occurs. Serpentine and seviu'al liands 
Trias ert»p out : acconling to Bi*ockinann, tlie latter are tive in number. 
Tiif strike, bitluirto mainly north and south, bi^coines north-west and due 
; tlu* vlip is to tlie north-east, that is l.»eneath the Bernina. On the 
soutli a baml strikes westwards acn>ss the Pi/ Canciano to the Disgrazia^ ; 
anothej’, inur»* to tlie north, runs towards the nortli-west, ami aecoj^ling 
to oldt‘ 1 * ol>.servations gretui-rocks striki^ from this locality beiieatli the 
^umhern glaciers of the Bernina towards the Pi/ Tremoggia. Tims the 
iiike «>r Silva Plana, Val Fex, l^iz Tremoggia and Poschiavo w'ouhl form 
die suutli-westeni iuanidary between the h]a>st Alpine slieet and tlie region 

^ Mrl/i, loe. cit., iburn. ili Miw., 18 tKh IV. p. lOlJ. 

A. II liiiciss centnilc nella Valtellina, liciiilie. A^c. biiuei, 1891. Vllh, 

er- Uil 105. 

C. Diener. Die Kalkhiltc dc-s .\lv in Omuhiindon, Jjilirh. k. k. lioichsaust., 

XXXIV. pj). m im, 

* C, Tariiuy./«*r, Die Ashest lager tier Alp Quadrat a bci Poschiavo. .Iahrosl»or. naturt, 
Graubunden, 1902, XLV, 14 pp., map: H. Drookiusinn Jaroscli, Die Flora des 
bn.^thlav, Svu, l#«*ipzig, 1 007, pp. 0 13. lirockiuann’s invent ipfatioiis .diow that indicationg 
rxiiit for prolong-ation both of Piz Alv and Sas&ilbo still further towards the south, and 
th«‘ east and strike, west of Posebiavo, A]i|Hnn’s in v>till clearer cuntrasl. I am 

nnlebted to Herr bannrzzer for some valuable Muggestionp. 
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of the groen-rocks. Where we shall place the Piz Alv naiiains an open 
question. 

South of this lino, as far as tlie Dinaric l)Oiindary, i. e. down to the 
Adda, we meet with an east-and-wost strike : at Sondrio green-rocks still 
occur. This southern fragment is a continuation of the Disgrazia. 

Coming from the Piz Languanl wo find a prevailing dip to the 
north-east and north throughout the Bernina, and also to tlu^ south ol* 
it in the continuation of the Disgrazia mentioned al)ove : it cannot ho 
certainly vletermined whether or not this pm*sists down to the Diniiiric 
boundary. 

On the other side of tlie Etseh similar bands of marl do lie high up in 
tlie Texel mountains, but on the river gneiss prevails. Staclie assumetl 
tlie existence of a fault, but wo have no i*econt ol>ser vat ions on this point. 
On the east, however. Hammer s investigations reveal the connexion. Tlie 
gneisses which, as W'O have stated, cross the Etseh at its elluiw and strike 
on into the Passeyr, reach the Breiinerstrasse ; on their northei’n rnargiii 
stands the ruin of Spreclienstein. East of tli<‘ Brennerstrasse they con- 
stantly increase in breadth. Becko and Lbwl mai k them there as ancient 
mica-schist and schistusi? gneiss. 

This zone of ancient rocks follows tlu* tonaliti- bt lt an<l the Dinaric 
lx)un<lar\'; on the north, starting from the Plattensjritz. north-east of 
Moran, it is accompaiiiod by the ridge of Trias lime.stone, which crosses 
the Brennerstrasse near Mauls, and has been mc?ntioned above as tlu* 
western continuation of the Trias of Lienz, the Drave, and the Ourk. It 
may lie traced with certainty from tin' Bacli(*r range up to the Plattenspitz, 
i. e. for a distance of 335 kilometers (111, 341). 

Thus We se‘e that the anciimt locks coming from tie* Kreuztick ar** 
continued tow'ards the south-west acro.^s tie* l»renm‘r (vSpn^chenstein), 
Pjisseyr, tlie bend of the Etseh, Ulteii and llaseiiohr, always following 
the boundary of the Dinarides: and again that it is the Trias of the Drave 
range, which reaches tie* neighlxiurhood of .Meran as a long, wTMlged-*in 
band. These elements lielong to tlie southeni moiety of the East Alps. 
Bet\veen them and the northern moiety (Ortler, ()(‘tz, and other summits) 
extends the marble of Laas. 

At the Kreuzeck we again reacli thr' .Mur Alps. All tlie IxmIs now dip 
tow'ards the south and are present in great ihiekness f‘ast of tlie Kreuzeck. 

At the lake of Millstatt garnet-mica-sebist and gmdss l>end round 
towards tlie north: they dip towards the east b Their relation to tlie 
liuinic Carlxiniferous of the KoTiigs.stuhl lias not been determined, and 
towarvls the north-east, i. e. in the direction of the Scldadming gneivss-imiss, 
the structure becomes extremely complicated, and is by no means fully 


(». 'levi'r, Verh. k. k. jjfcol. Uciclii*an?st.. 1892, pp. JJI9 ami 1893, pp. 49 60. 
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tjxplained^. A zone of Trias and Jurassic surrounds the north-east of 
the Tauern. From Tweng onwards up to just below the Seekar-Spitz 
(lliidstutter Tauern), a distance of 11 kilometers, we may trace step by 
step tlie easterly dip of tlie Trias beneath the older rocks, and the summit 
of the »Seekar Spitz itself consists of gneiss resting on Trias 

Here the lie of the Trias is extremely complicated. On the nortli, 
towards Radstatt, Uhlig observed a recumbent sheet of sericitic (juartzite 
belonging to the PermiMn or lower Trias; Trias limestone and Jurassic 
occur beneath this, in some places exposed in windows, while in others 
they overlie it. 'fhese occurnuices continue south of Radstatt to within 
J kilometers of the normal basement of the Mandling range (East Alpim* 
with patches of Eoceiu^), and as towards the east they ilip beneath th<‘ 
.“incient njcks, so towards th(i north they dip beneath tlu> Trias of tin* 
Kast Alps *'. 

So far, therefore. oui‘ examination shows that the Tauern are sur- 
I’oimdofl on the W(\st (Stubai) and north (Plnzgau, Radstatt) by the 
nin'tliern moiety of tlu* East Alps, and on the south (Sprechenstein. 
IvTimzeek) and east (Mur Ali)s) by the .southern moiety, and that they 

• lip, in tliose p!ac(?.y where th<5 lie of the beds has already l>een described 
|Ki‘«?uzeek on the south, Tweng in the north-Oiist. Radstatt on the north), 
U‘m*atli the fraVne. 

UwH, From the accounts at my disposal, 1 have not V)een aldi? to 

• liscover at what point between Poschiavo and Sondalo the boundary 
nf the liiist Alpine segment may lie. South of Bormio on the Adda, which 
(lows from north to south above Soudalo, lies the l>atliolite of Ceppina 
(Sena di M<jrignone), t(j which we have already referred. At the same 
tina* thick intercalations of marble make their appearance in the schist. 
Tln**klip to north-cast ami north has disappeared, and far and wiile a strike 
in east-north-e*ast ami then to north-east prevails, with a dip to south and 
>ionth-east. Staclie, an<l in particular Hammer, have made us familiar with 
this range tis far as the- Insncl of the Etsch near Meran (Marliugcr Joch)^. 

' An example of the r.ii countered given by VacekV little luap in Vt‘rli. 

*'<• k. geol. Uriciisiinst., 1901 , p. o 72 . 

E, Freeh has published a view of the (Tur])ot: 5 cbogg near Tweng in Sit/.b. k. preuss. 
Vkjul. VVijJs. Rerlin, 1890 , p. PJI 74 , and in Koken, Gcolugisohe und palaeontologisehe 
Ahhandhingen, 1901 , IX, p. :i(). 

J* P. Heeke and V. Uhlig, Erster Rericht iiber petrographischo und gootektonische 
t uf orsnehungen im Hoehtvlmiuasaiv und in den Radstiltter Ta^uern, Sitzb. k. Akad. Wiss. 

1900 , CXV, pp. 109 r> 1739 , in particular p. 1731 . 

' St ache, V<“ h. k, k. geol. ReichKanst., 1870. pp. 314 -318, 1877, pp. 205 *207. 1880, 
IM»« 127 131 ; .Tahrb. k. k. geol. Reich.sanst., 1877, XXVI I, p. 143 et soq. W. Uammev, 
Dio krystallinisehen Alpen dos Ultenthalea, .lahrb. k. k. geol. Reichsanst., 1902, LI I, 
P|>. J05 133, and 1904, LIV, pp. 541 576 ; Goologisdio Auf^nahine iles Blattes Bormio* 
'finale, 

op. cit., 1905 , LV, j»p. 1 > 26 , map, and Geologische Beschreibung der Laaiser 
'■ nippe, op. cit., 1906, I.Vl, pp. 497-r*:W, wap. 
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Towards the Dinarides, as we have mentioned above, inclusions ol* 
platey olivine (X3cur in gneiss ; and gneiss and ancient phyllites form a 
series of saddles and basins, which towards the north-east are more closely 
pressed one against tlie other, in correspondence with the compression 
of all the inner zones of tlie Alps, which begins at the head of the Dina rides. 
It is these ancient rocks, and in particular pegmatite-bearing gneisses, 
which strike, near the V)entl of tlie Etsch, across the river into tlie Passeyr. 

Ih’oceeding towards the north-west, acioss the strike, wo find that the 
quaitz-phyllite predominates. It forms a witle syncline upon the heights 
(Hasenohr, 3,257 metei>>) and then sinks on the we.st, maintaining a great 
breadth, toward.s the soutli : this is the upper liml» of a syncline overturned 
towards the north (or north-north-west) ; and liemvith it llaninier's beds 
of Laas crop out. These consist of niica-schisi and staurolite mica-schist, 
and the marble of T^nis is intercalated in them. This marlile does not 
retich the Ortler towards the west, but the stauroliU^ mica-schist extends 
as isolated patclies into the neighbourhootl of Sulderi. Similarly the. 
intercalations of marble in phyllite, .south of Bormio, and the marble 
of Monte Sobivtb;), are not directly connectiMl with Laas; yet they may 
well be of ra{ual age. 

In the marble of the Laas band the stems <)!* t'rinoids liavc been found, 
thus showing that the marble is an altered normal sediment, and tliat no 
<Aher agencies arc involved in the marmorization of a durassic or (h'ctaceous 
limestone than in the marmorization of a Silurian lime.stone. Two kinds 
of injections occui*, one predominantly pegmatitic, usually in sb^eply 
ascending dykes, the <ither basic in sills. Tin* latter form l>aiuls of 
amphibolite welded witli the marl>le, and VVitinschenk thinks that they 
may have been produced from a gal;bro-like rock k 

Here and then*, in the zone of transition between murlile and schist. 
Hammer has observed quartzites. We may tliend'ore regard the marble 
ot Lafis as having bc‘en originally a crinoidal limestone, associated with 
quartzite and sill-Iiko inj^.ctions of a r(X*k allicrl to galibro. 

Stache regards the marl>le as veiy ancient ; Hammer assigns it to tln‘ 
pre-Cambrian; Termier has expressed liis belief (1005) that it is of 
Mesozoic age. In Hvvitzerland a compleb^ changt* of opinion has taki*tJ 
place during the last twenty years as to the ag<* of the numerous marble 
liands of the Alps : with gwd rea.son they are n‘garded almost without 
e*xce*ption as Me.vjzoic -. Here we have the ad«litioiiMl fact that Mojsi.sovics 
has discovered a bed of gypsum in the ancient phyllite- -at an isolated 


K. VVeinschenk, Die Tiroier M arm or lager, Zeitsebr. f. pnikt. Oeol., 1003, Xf, pp, 1**1- 
H7. A precisely similar result was arrived at byJulien, for example, in New York: 
Genesis of the Amphibole Bebiiits and Serpentine:- of Manhattan Island, New York, 
Buii. (Jeoi. Hoc. Am!, 1003, XIV, pp. 421-404. 

- kor example, <;. 8chmidt, Kologae Geol. Helv., 1907, XIX, p. 505. 
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locality it is true beneath the north slope of the Martcller Vertainen, out- 

side and to the east of the Ortler region. Hammer has confirmed this 
observation and has found, not far from the same place, a lenticular mass 
of serpcuktim^, conformably intercalateil in quartz phyllite. It occurs on the 
inner Pedm-spitz. liaminer’s description of the gypsum hardly leaves room 
for doubt thiit in this case Trias is kneaded in with the (piartz phyllite k 
Thus the obscuwations so fai' made tend to show that the marble band of 
Lvas is the completely marmorized representative of the Lepontiiie Trias, 
visible beneath tln> East Alpine fOrtler) segment, togt'ther with its green- 
rocks, whicl) here take tln^ form of amphilxdite. 

The marl)le cliff* of Laas (Jenewand) is, according to Hammer, a syncline 
»)p(m towards the north, and in part overfohh'd : upon it, completely fitting 
together with it, rests an anticline folded in the same direction. 

The (‘ast-north-easterly extremitx" of the marble beds of Laas reaches 
the Etsch ; to tlw‘ west of them a nari'ow zone of phyllite; gneiss sets in. — 
'rhe Taaeni an; a well-<lefined range which affords a marked feature to 
the landscape hy the heigfit of its peaks, and tlie great extent of its snow- 
fields. It describes an arc, slightly convex to the north, which extends for 
.1 distance of 165# kilom(;ters, from tin' TJesor on the east to the Tribulaun 
range, a little Wi\st of the Prenner.strasst\ Its breadth on tlie east is 45 kilo- 
meters, lait diminislios towards the west: on tin; Hrennerstrasse, wln;re the 
l)inarid<‘s a<lvance, it hardly amounts to half so much. 

K. von Hauer, Stache, Peters, Stur, urni many other ol>servors have 
iecognix(;d more or less clearly the indepejnh'nce of the 'rauern. They 
distinguisherl the c^Mltl•^ll gneiss in the mifldle of the range and a mantle of 
schist sloping away from it on all sides. Tlius this group of mountains 
(*ann- to he r(*gai*<lcd as tin.; type of an axis of elevation ; theii' structure, as 
well Hs that of the ancient schist and gneiss mountains which slope away 
lV(.)m them t<» in»rth ainl south, and of the Dinarides wdiieh dip to the 
^“uth, have* furnished tiie principal argument in support of the supposed 
syjiunetrical structure of the Alps. 

'the im|)ortant, but not yet completed, investigatums of Becke show 
t lait the so-called central gneiss is an intrusive rock, with variable characters, 
wliich stands about midway Ix'tween toualite and the older granite of other 
|>arts of the Alps. Its varieties are thus described sometimes as granite, 
'"ometimes as toualite gneiss, and sometimes even as tonalite. 

I'"ive cores of this gneiss have l)eeu distinguished ; of thes(> tlie w'cstorn 
(( iross-Venediger 8,660 meters) and the eastern (H(xihalm-Spitz 3,350 meters) 
Jue the. most extensive. The coviu'ing of schist forces its way between the 

* K. V. Mojsisovirs, Mitth. Alpi;*nv«»rciiis, 1%(). 1 1, p, 'STT ; . Ihiniiner, Laaser (truppe, 

P- ">1S f»t stap 1 hi wuuei* found that the bed of gypsuui is 100 nudoi's long, 30 meters 
diick ; it ifi highly crystalline, and rests conformably benenth «puirty.-pliyllite : he believes 
the gy))8um to bo primary and syngenedie. 



THE EASr ALPS 


170 


[part V 


cores; it forms, as Stur was already aware, the (iross (ilockner (3,798 
meters), the highest summit of the Tauorii\ 

Outside the schist mantle, the Tauein arci surrounded l>y a holt of Trias, 
Lias, and Oolites, and this, though interrupted in places, separates them 
from tlie East Alps. On the whole it is narrow towanls the west, as in tlie 
Tribulaun range (Great Trihulaun, 3,102 meters), hut towards tin*, north- 
east it hecomes broader, as in the Radstiitter Tauorn (Weisseck, 2.709 
meters), ami attains orographic importance. 

The Tauerii, as we ha\ e already mentioned, were once n‘gardcd as the type 
of an axis of elevation : yet it is precisely these mountains, and in particular 
their western pai't along with the .south-western region as far as the Adda, 
which form the subject of the works of Termier, distinguished by th(*ir 
broad geueralization.s, and by the endeavour to provr* tliat this part of the 
Alps coasists of .several sheets lying one over the othet**. 

Ill the forefront of this (|Uestion stands one decisive fact : Utr Trias n/ 
the fvarae of the Tauern Is not the Trias of the adjacent (hnesfoiie zoihc of the 
East Alns. It is the Trias of the Seinnioriiig. Toula had long ago pointed 
this out in the <?a.se of tin* Kadstatter Tauern, ami I Tdig sought its equiva- 
lent in the zone of the llrianeonnais *, Ttnanier was vstonisherl at tlie 
resemlilance of the Trias of the Seminering to that of the V'anoisi* ^ ; in the 
Tauorn its correspondence with the westmii type is increased by the appear- 
ance of serpentine in the 'frias. In accor<lance witli its position this 'IVias 
mast be placed in the l..epontine group of sheets vvhicli lie above the Helve- 
tian and Ixdow tlie East Al{)ine sheets. 

Tlte TiLuern dve a inass vjlurh tu»ertits^ it /fh a Lefsntt i ne f ranie, /ri)in 
he/ieo,th the East Alps. 

The sketch on p. 139 shows a small anticline of Flysch whieli has 
arisen between tlie two areas weighted! down by tlie she«‘ts of Annes ami 


* F. becke, F. IJerwerth. lUid 1. , 9r!ilM:-murf,nn, provisiojial ref»'»rts in Aii/ciijLr. k. k. Akad. 
Wiss. Wien, ixi'a, pp. 4^ 4li, 189a, pp. i:» -2i*, I8t>7, pp. 8~I4, ls9>S. pp. 12 10. 1809. 
pp. o-dO; F. Low). Der 9raiiat?pitz- Kerri, .hthrK. k. k. gef>l. Roichsanst., 1895, XbV^ 
pp. 015 640, map; F. becke and F. Lowl, Wp-tliiiar and inittlerMr Ahsehnitt tho’ 
llohen Taiiern, in Fuiirorz. intiTnat. (-ongntKs, 1903. \'ill and IX, 48 and 27-pp. ; OfM-kr 
rin Becke mid Uhlig. Erstcr Hcncht, oCc.i. Sitzb. k. k. Akad, Wien, 1006, CXV', 
pp. 1 693- 1 7 1 9 c t paffsi ni . 

- P. Termier, Les Nappes Alpes urientale.^ et la. Synihese des Alpes, Hull. Ho<-. 
geol. France, 1003, 3‘ sj'*r., Ill, pp. *11 765. map : Alpe^ eutre le Hnjnncr et la V’^al- 

1‘dine. op. cit., 1905, 4"^ .ser., V, pp. 209 280, map: La Synthirse gcologique derr Alpes, 
Corifcrerice. Liege, 1906, 20 pp. 

V. lihlig, Krsf cr Bericlit iiher prtrogra]>hische und geotektonische UnterKUchungen 
im HoclialmmusHiv und in den Hiidstatter Tiiuern ; Hitzb. k. k. Akatb Wiss. Wien, 1006, 
CXV, p. 1732. 

* I*, 'l ermif r, 8ur quehpies anuiogicH <le facie^ geologique entre la /.one centrab‘ ‘Ich 
A lpcvs orienLiU i ft la zone interne dea Alpes oecidentules ; C. R. Acad. Sci. Paris, Nov. 16. 
1903, p. 807. 
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Suleiis, An illustrfition on an incomparably larger scaU? is afforded by 
the anticline of Biindner schists which rises from the window of the Inn 
and carries the green*rocks and a fragment of the East Alpine sheet up to 
a Iicight of more than 3,000 meters above the sea. In the prescait case also 
we may assume that the Selvretta in the west and the Oetz in the east 
restrained tlie folding by their weight, so that it could only take place in 
the window, and tliere only in a north-north-easterly direction. 

The window in tlu^ Tauern is too large to have been produced l>y t'rosioii, 
iait a frame is present, and as soon as the Mesozoic girdle reaches tliis, the 
girdle becomes a foreland, yet at tini same time a m/[Mirnntaid forelaityL 

In the west we have tlu* gneiss of the Oetz and tlu^ Stubai. According 
to Teller’s accounts, a l>an<l of isolatcMl outcrops of marble approaches from 
the high mountains <ji‘ (lurgl, far away in the south-west, and strikes 
close to the southern iriargin of the Oetz gneiss towards tlie north-east, 
to tlu‘. zinc mine of Schneeberg. It marks the boundary l>etween the 
gneiss and the phyllite whicii follows on the south. Some, distance away 
(lie gneiss stands vertical, then it dips more gently in tlie directicai 
t)l* the pliyllite boundary, which it Hnally overlies b Nearer to the 
Schneeberg garue^-bearing mica-scliist takes the plact? of the phyllite. 
In the Schneeb(*rg the mica -schist is follow^Hl along this boundary l>y a 
/.one rich in amjihiboliit:, then come.s tjuartzite, highly calcareous schists, 
ruid linally th(' dolomite of the Karlweissen, containing Crinoids and 
dipping to the north-west at an angle of (>0-80' l>eneath the gneiss'^. 

This loi’aHty lies 10 kilometers west of the IVll’er Welssen. the most 
southerly extremity of the TrUm/aaii. range, which is about 30 kilometers 
long, runs north and south, ami forms the western fraim.^ of the Tauern. 
fn adilition to the parliei* works of Stache and Teller wt‘ liavi^ now at 
•)ur tlisposal tin*, investigations of Freeh'’’. 

Idle relations of tho Scimeeliorg to tlie 'rdfci' Woisstui ami the 
Uscldeyer Wand which is connecterl w’itli it are of soiiu' importance. 
I’his connexion is indicated l>y a small outcrop of dolomite, dip|)ing to 
the north, which was discoveied by Freeh on the (Jeriager Alpe. Our 
Conception of the Teller Weisseu differs from that of Freeh. It presents 
the same succession of rocks as the Schneeberg, b\it in the reverse order. 
The gneiss lies Udow, then follow\s the Trias, and above this the mica- 
schist. At the same time th»^ strike turns out of the east towards the 

* F. Toller, Vdjvli. k. k. geol. Ueiohsaiist., IH7S, p. i)l>. 

“ A. V. Kltevloiii, licit rasif zm* Keiintniss* <ter Ei-zlagersiattr ilos S< lmoohcii,^> Mayvn, 
•lAhrb. k. k. geol. lleichsaTist. IS<M. XLl, p)». ’JHO map : K. W einscluoik, Die Erz- 
tiKeistiitto lies ScliiiiMibcrgs in Tirol, /•ciisehr. f. pmkt. XI, p\>. 281 -237 : 

dotailcMi deseviption ako in Fvcoh, op. cit. (see next note), (^rinouls were also found in 
die. noidibouring Moarer Weisseii. 

F. Fnicli, Uobor den Oebirgsbaii dor 'I'iroler Cent ralal pen, Wiss. d. 

'Iciitsch-ostorr. Alponvc'udns, fnnsbruek, 1905. II. lid., OS pp., with map of the Bnuiner. 
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north, A screw-twist is produced. It see) ns as though we had retuhed 
here the end of the s^(perl7a.tant fordavd, that is the eorner of the gneiss 
sheet of the iSkihaf and as if tlie T)*ias and mica-schist were about to step 
over its edge \ 

The whole of the Tribulaun range from the Taueni onwards is thrust 
up on to the l)order of the wStubai gneiss. This is the way in wliich Roth- 
pletz interprets it *. It consists not of the lieiuided remains of a trans- 
gressive sheet of Trias, l>ut of the overthnist V>elt. For this reason there 
are no denuded remains to be found anywhere else in thr‘Stul)ai. Nowhere 
along the whole of tlie western edge is the superposition of the Trias on the 
gneiss nonnal : its lower members are absent. The total lieight of the 
limestone cliffs above the gneiss amounts in the wf>st to 1,100 or 1,200 meters, 
but the beds are repeate<l by folding. Over these repetitions, which include 
infolded micaceous limestone and pyritous schist, said to he Rhaetie, Fr(‘cli 
found on the peak of the Kesselspitz (2,7.22 meters) a small patch of Lias 
with Ariotites. 

The lofty cliff's of the west giv(‘ a false idea of the thickness of tlie forma- 
tion. The transverse section <ff' the Trias is in fact tliat of a w(algc, and so 
considerable is the decrease in thiekne‘ss towards tla.‘ oiUsi (as may lie seen 
in the transverse valleys of tht? Tribulaun) that along tin' Brennerstrasse. 
8 kilometers east of the Holie Tribulaun then* is in places only a narrow 
belt of dolomite, often concealed by <lebris and now aecompaui<Ml by the 
lower members, «|uartzite and serpentine, which are alisent in tlie w(*st. 
At the same time the gneiss of Stubai disiippears in the transverse valleys. 
In th<^ north, owing to the denudation of the I’rias, it is still .sc^en as far as 
the Brennor.strass(‘, near Matrei, hut it does m>t «miei* tin* int«*rior of tie* 
Taiiern. 

In the south, along the (Ischleyev Wand, the mica-schist of tin* Schnee- 
herg rests (m Trias ; to the north of it, howe*ver asc<*nding the wedge from 
the oast, lies a vast mass of schist containing upper b’arhoniferous plant- 
remains^. According to Freeh, infoldings of Ufipt*!* Carhonifci’ous occur in 
the Trias. 

In the north, from about Matrei onwards, the Trias and uppe‘r Carboni- 
ferous, which engirdle tlm Tauern, again bend in their sti*ike almost at a 

’ F. Freeh r^epaniteH the (Jschleyer Wand (with the Telfftr WeiM«e) along with the <lolo- 
TTiile of Pflersch from the Tribnliinn group, and rrgards it as a fold overturned to the 
south ; Terniifr believes that it is a part of the Tribulaun group, be also thinks thid 
it is posfiibly connected towai'ds the .south with the mnge of Sprechenstoin (Ratschingsj, 
Ru]). Hoc. geol, Fmnce, 1905, p. 231. 

A. Rotiiplf!tz,^eologiachc Alpenforschungen, H, X). 208 et seq. 

It was discovered by Picbler; F. v. Kerncr, Die Carbonflora des Steinacher Jochos, 
•lid-nb. k. k. geol. Reichsanfit., 1897, XLVIf, pp. 365 386, Verb. k. k, geol. Heiebsanst., 
190b, p|>. KiO. 131, Walking over this pait in 1865, when the railway was in course oi 
constiiif tion , ] was ^Iwwn graphite from the Jodok tunnel. 
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right angle, just as in the south they made a hend al)out the Tclfor Weisse. 
The strike is now east and west, and the foreland consists no longer of 
Stubai gneiss Imt of the ancient phyllitc of the Pinzgau, wliich cannot 
easil}^ be distinguished from the upper Carljonifcrous, here |)r(isent over 
a w^ide aj-ea. According to Franz E. Suess tlie Trias is folded into the 
( VirboniferouH, and at the same time, especially on the Tarnthaler Kdpfe 
(X\801 meters), is markedly overfoldcd towards the north, altlioiigh lowei* 
down there is a steep northerly dip. This app^irent contra<lictioii Indicates 
M knee-like beml of the beds against the foreland. Rotlij)letz mentions 
Kliaetic fossils in the neighbourhood. 

The syncliru's on the heights open towards the north : the dolomite 
clilfs face towards the north, as in the Trilmlaun range they face towards 
the west : in both eases tli(*y are turned aAvay from tlie ilohe -rauern ^ 

The Tarntlialcr K()|)fi‘ form the beginning of a l»and of isolated Trias 
»>iitcrops , in one of tlii(‘m, near Krirnml, Diener has found Diplopora. Lowl 
;md l)ieiU'i*\s sections of this part shinv steeply upturned beds in tlie valleys, 
:md higher up a knee-like l)eud as before to the north 

Between th(‘se two points a gentle dip towards tlie north predominates, 
as observed by Becke, jieai’ ^fayrhofon: possibly a gr(‘ater tliiekness of 
niaterial lias lajen r«muj\ ed hor<* by* demulation. Further east, near Liml, 
'frias with serpentine again makes its appearance; and linally we reach 
the. already mentioned HifdMolhfr Tauern. 

These; mountains have l>een <lescribed by Vacek arul Freeh; a more 
r<‘Cent and difhn'tait interpretation has been given l>y IHdig, wliose account 
vvt‘ \vill follow'*. Fpon sericitic quartzite rests dolomite with Diplopora, 
<lark Hiundic pyritous shales with shelly' limestone made uji of bivalves, 
lathodendron limestone, and tlien as much as xH)0 meters of Jurassic lime- 
stone an<l Belemnites. Tluei' slieets art* present tiipping towards tlu> nortli 
(in 'rw(*ng iowartls tlu* east), 11u*ir l)as.sett edges faci* towards tlie south 

' Franz E. Suess*, Das tier Triastalti*!! ini Nonlosten tier Urta\tioiilni«', Jahrb. 

5'. k. j'col. lleifhsanst.. XLIV, 5S9-670. inaji ; Ivothpletz has aUo fountl Rhataio 

in this region. 

■ C. Diener, Kinige Menu-rlvungen hher tlie stratigr.iphisrhe Stellung tier Kriinniler 

hiehten untl liher den Tauerngral»en in Oberpinzgan, Jahrb. k. k. geol. Reiehsanst.. 

Tj, pp. si'ftitm on ]>. .S;sr) ; aho howl. oj». fit., 1S94. .XIJV. p. -^>19, and 

Kiihrer z. Internat. Congress, IhOIh IX, p. ll. 

‘ F. Freeh, Ueher den Gehirgshau der Ikulstatter ’rauern. Sit/b. k. jii t uss. Akad. \\is^. 
lhaUn, 189(h pp. 1255-1277, and Geologic dev Radstatter 'rauern, (u*ologisoher und 
palaeozoischer Anhang, edited by Koken, 1901, new ser., \\ pp. I (>6, map; \. hhlig (in 
il‘u ko and Uhlig, Erster llerirlit. t&c.), Sitzb. k. k. Akad. Wiss. Wien. 190b, CXV, pp. 1719 
1757. From the older works : M. Vacek, Beitrag zur Geologic der ’feadstiitter Taueni, 
hihrb. k. k. gcol. Reichsanst., 1884, XXXIV, pp. b09 tJlM ; in connexion with this, Verb, 
k. 1<, geoh lIcichBanst., 1 895, }». 586 ct soq. No small i.art of the Trias is converted into 
ealc-mica sehist ; J/eiitacrinus occurs in this schist, 1 have found most of the fossils 
^•ear the Mittercck-Alpc : cf. Aii/.eig. k. k. Akad. Wiss, Wien, Nov. 20, 1890. 
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and south-west. I'he calc-phyllite of the inner part of the Tauern follows 
them in a similar tectonic attitude as thouf^h it were a fourth sheet and the 
low'est. We have already seen that these sheets appioach to within 3 kilo- 
meters of the East Alps and sink V)eneath them. Hero there is no over- 
iKUidin^ against the foreland. 

Xor is there any sucli over-hendiiig on the south side of the Tauern. 
l-ot us begin our study in tlie south-west of tins region. 

In the Texel range, which slopes away to the Etscli al)ove Meran, 
Toller has discovered another band of limestoiu* and marble. It inakes 
its appearance in the hollow below the peak of the Tt*xel (3,320 meters): 
the Loder (3,268 meters) anti the Hohe Weiss (3,282 meters) belong 
to it. Striking to the north-east, it tlescnb(\s an arc sliglitly conve.x 
to the n<jrtli-\vost, exteiids through tin* IMvIdersthal across the Weisst^ 
Wand to the xalley of Ratschings, where it is i-evt*alt*d in a series of 
marble (pinnies, and iinally, after a very la'oken (.*oni\se of 31 kilometeiN, 
reaches tlic Ijrennt'rstras.sc* K 

Its continuation pi-obably includes tin* fragnumt wliich 1\a*mier observed 
Ixdow Thuins near Sterzing, ami in its furthei- (‘xtension, a litth' to iln‘ 
north of the gneis.s of the Sprecdamstein. linuNstoiie occairs associated with 
.sei*|)entine. Hen* l)egins a /.one oi Trias wliich »/xtends heyond Wiiiflisch- 
Matrei k) the east: this zone, at fii^st interrnj)ted Imt afterwards con- 
tinuous, forms the southern boundary of the western half of the Tauern. 
It lias been described in detail by Ijiwl, who numtions «|uartzite, dolomite, 
calc-inica-.schist, lustrous schist, gypsum and serpentine as entering into 
its composition. In the parts best known the l>f‘ds art* steeply inclined 

Farther east, wliere tb*- southern boundary of tb«* Tauern begins to 
strike to the south-east, very little is known abcait it. (Iranigg's surveys 
in tin* Mdl! valb^y seem, however, to suggest tliat 'frias aecompanit^d by 
serpentine strikes out of the heart of the Hola* Tauern itself and proceeds 
along the south side oi thi* Ibxdiaimkern b.) the l>order, ainl near Dollach 
the border is apparently former! by it \ 

We have now c<jiiclude<l our stmly of tlie border of tin* Tauern, ami 
may turn our attention once nion* to the Brennerstrasse : starting from tln^ 
tonalite on the Dinaric border we will pr(xs‘ed tfjwards tlu* north. First 
we cross the granite of Brixen ; then a zone of gneiss and gneiss-phyllitc. 
It piTXjeeds from Passey r and extends to tlie Mur Al])8. Ac(!ornpanyiiig 
it is a band of ^I’riavS which extends to the mountains of Lienz: this 

‘ F. relier, Verb. k. k. gm>l. Heirhsanst. Is77. pp. 2:51 2^5r», |k 7S, np, 64 Cfi iuni 
pp. ;502 -:59C. 

^ bowl in several places; in particular Fuhnn* /. internal. Conjzreas, 1903, IX. 

20 , 21 . 

ib branif(^. <reologischc und petrograpbische Unlersuehungen im Ober-Molltbal, 
Jiihrb. rf. k. -ool. lleiibsanst., 1906, riVf, pp. .367 404 , nnjp. 
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presents the East Alpine facies. Thus far, that is up to the Sprechenstein, 
we may regard the region as a paH of the soutliern development of thf^ 
East Alps. 

Proceeding from the Texel range through Ratschings, a band of marble, 
perhaps altered Trias, sets in north of the Sprechenstein. If this were 
continued it would become the belt of Ti-ias winch runs from the Brenner 
to Windisch-Matrei as the south liorder of the Tiiueni. 

Five kilometers further noi'th lies the Sfiuth end of tlio d'rilmhiun 
range. Here a fresh band of marble sets in, crossing the Schneeberg. It 
appears to unite in the 'Felfer Weissen with tlie Tribulaun range. This 
range turns tx)\vards the nortli and forms along the Brennerstrassii the 
\v(‘st herder of the Maumn, which is thrust out over the Stuhai gneiss 
towards the west. 

Xear Matrid the Mesozoic belt turns out of the iiorlh and south into 
an east-and-west direction, and extimds as tie* northm*n liorder to the 
Radstiitter Tamu'n. 

Besyond Matrei, on the other side of a baml of (.'arlMiniferoiis (?) schivSt, 
we reach the ancieait ^piartz phyllitos of the Pinzgau and the tongue of 
gneiss and mica--}i,chist whic'h strikes hither from Stuhai. These strike 
U) the Mur Alps; neai* Innsliruck they form the normal base of the East 
Alpine limestone zone aiul lielong with tin* Mur Alps to th(^ northern 
iu)i(‘ty of the East Aljis b 

T(‘r?nier believed that the window of thr! Tauern was completely closed 
on all sides. The description given alxive suggests the j‘xistence of a small 
opening on the south-west. Two hands of marble, one of which runs 
towards (Jiirgl in Oetz, and the other to th<^ Texel range, point to a possible 
fontinuation of the window towards the* south-west. In fact Teller assigns 
this spact' lx*tw<*en th*^ gneiss of the Passeyr in the south-west and tliat of 
Oetz in the north-west to the calc-j)hyllite ; but the work of Teller, though 
^•xtnaiiely valual)lo. ludongs to a i)eriod in whit^l) tlie (juestions at present 
under discussion had not yet arisen : whether such a prolongation of the 
window exists or not can only he decidixl l>y a. fresl» investigation. All 
the fjuestions which remained unHnsw(*r(Ml in the case of the marble of 
l^aas thus confront us once more. 

Wliatever may prove to be the truth regarding the j^rolongation t(^ tlie 
M)uth-wesi, the most important tectonic proldein has been solved by the 
''tnicture of the, frame of the Tauern, and Termiers views have been 
<'f)nfirrT)ed. 

We shall devote only a l>ri(d* space to that part of this legion which is 

^ fr«*ch (Tiroler Ccntnilalpon, p. 20) niontions a ]>citch of 'friiis eniluKldcd in ancient 
on the railway near Aniva.^ ; I liavc visit#'*! tho locality ami *!(> not agree with 
hu' (louV»tB raised by this ^^tatoment. Iinlging from its )>osition, the patch must ho 
“‘irarded as Bast Alpine. 



176 


THE EAST ALl^S 


[PAUT V 


framed in by the Trias, i. e. the calc-phyllite and the central gneiss, since 
imich difference of opinion exists as to the cale-pliyllite, and tlie central 
gneiss is the special study of Keeke, whose work is not yet published. 

Wlien we see the Biindner scliist sink beneath the gneiss of Oetz in the 
window of the Inn, as at Nauders or in the Kaiinser 'riial near Pniti^, we 
naturally ask whctiior it does not reappear anywheriJ in the east. Indeed 
Stache, who devoted many years of his laborious life to a study of th*^ 
Alpine schists, observed as early as 1878 that the Ciilc-schists between 
Nauders and tlie Kaunser Thai have • very close eijuivaleiits ' in the Ziller 
valley, and particidarly on the Brenner between Steinaeh, aiul Ories an<l 
(lossensassb Tennier ventured to asseid tliat thoy reappear in the schist 
mantle of the Taiiorn. This would eorres|xmd with the way tln^y li(\- ami 
also with an observation of indig's in the Kadstiitter Taueni, where, 
Ijcneath three 'J'rias sheets inclined to tlie north, beds of calc>phylliti‘ 
occur, occup^dng a position which is precisely tliat which would 1 h* taken 
by an additional sheet. Hut in this range, so highi}' altered by pressure, 
MO direct proof is to be found : in tin* beds wliich form its border a large 
part of tlie indubitable, fossiliforous Trias is convmttsl into platey marble, 
seamed with mica Hakes and streaky calc-miea-sehists. Beck(‘ and lA)\y\ 
distinguish two members in this schist mantle, an older and a younger, 
but the age of eacli is luised on conjectures which \ar}' as greatly as in the 
case of tlie ^calcaire phyliileux' of Vanoise 

Apart from th(‘ original structure of the granitic or mon* or less 
tonalitie cores ^lhe so-calle<l central gneiss), ami whatever their age ma\' 
te, it is certain that the imjn* important of them wore (exposed to t\ 
consideralile subse<iuent (iressuro which was din cted perj^endieularly to 
the strikv‘ of the Alps. I'his is clearly shown hy tin* digitations of the 
Venetian core, which run trj tlu? south-west ami north-east *. These 
die'itations are identical with tlie Hut fokis at the extremities of Mont 
Blanc and tlie Aarhorn. "fhey must be regarded as so many anticlines, 
separated by synclinos, of which the Groin IoIm* is the l>est known. Thesr 
syiiclines are places uf especially intense dynamic alteration. Tht?y sliow 
that hero, 4is in the Swiss mountains just mentioned, the existing con- 
tiguration lias heeu dett*rminod not so much hy original dome formation 
as by siimiltarioous arching up, under lateral [)re.s.suro, of tlic axes oi 
several parallel foWs (surf'lf'Vttfloti ; as a conserjiu^nciv, the 

synclines as a rule die away towards tin? niid«lle of the arch. 

Tkf^ mrvM, juHi as lit the rni^e af Mont lilanr, are of intrusive orli/' tf 
fad fhetf hare heed hvou/jhi paji^heebj into their exidiiai posit 

4 - 

’ f>. sliiclui:. Verb. k. k. gcol. Ki'ich8an;‘it., Is7:k pp. 222, 22^5. 

■ For Mxiuriple, the Hiscussioii in Hull. 8oc. wol. I’mnrt*, H)0k, 4 ‘ ser., VI, p. 431. 

■ Y. and LOwl, Beologi.sche UolicrsuditHkaite »k's Wc-it-Abifchnittes dcr Hoii' ^ 

Taa : n, Kiiluvr z. mternat. bV.)n; 2 f}’eK«, 1203. Vlfl and IX. 



CH.V] EAST LIMESTONE ALPS 177 

The Taucrn thus represent a window between the northern and 
southern moieties of the East Alps. Whilst the central gneiss — long 
previously a consolidated rock — was being passively forced upwards into 
this wrindow, by a lateral force acting from south and south-east, it carried 
along with it a belt of Trias and Jurassic; this it forced outwards over 
the frame towards the west and north-west, ami thus gave rise to overfold- 
ing. Where it is not overfolded, the frame itself bends from the Taueni 
towards the exterior. 

It niiglit perliaps be suggested as a simpler explanation that the East 
Alpine sheet once arclied over the Tauern as a great dome and was 
removed from the summit by denudation ; but the forcing outwards of the 
Ix^pontine l>elt is opposed to this view, so that we are led to assume 
a subsequent folding-up, very much as in the Mont Blanc zone (p. 110), but 
ill the present case restricted by the frame. The Carpathians lead to 
similar n'snlts. 

The Trias of the Semmering, as opposed to that of the East Alps, has 
ham termed an exotic Trias. In the Tauern, where the relations are 
clearer and displayed on a much larger scale, the Trias may more justly 
he termed iiuliycaous flam the East Al/rine Trias Itself, 

The lower horizons— limiiic Carboniferous, which can scarcely be 
di.stingnisheil from the seinicrystalline or cry.stalline schists, quartzite 
lit lower Trias, and green-rocks — are indications of the Piedmontese type; 
(lyroporella, dolomite and Lithodendron limestone are common to the 
briamjtjnnais and the East Alps; the Pentacrinus beds recall the 
briamjonuais. The Rhaetic and Arietites l>eds and the Jurassic with 
l^» lemnites may bo assigned just Jis well to the Brian^onnais as to the 
Hast Alps, 

The East Limesione These form a long parallelogram of remark- 

ably uniform lireadth which extends from the Rhine to Vienna, a distance 
of 480 kilometers. Ou the extreme west, in Vorarlberg, its breadth is 
only from 12 to 15 kilometers, but as we pixx^eed to the east, it ali'cady 
iuiiounts to 45 kilometers just before reaching FUssen in Bavaria, in the 
niei’idian of Innsbruck to 40, of Salzburg to 43, of Gnumden to 48, of the 
»Sclineel>erg near Vienna, where the bend towards the Carpathians is very 
obvious, to 37 kilometers. The constriction of the inner zones of the AlpvS 
on the Brenner nowhere affects the breadth of the Limestone zone. 

This zone consists almost exclusively of Mesozoic sediments. Since the 
Kiist Alpine sheet forms that part of the Alps which is tectonically the 
higlicst, these supernattint beds have been carried forwards without, as 
rule, sufferiifg any alteration from pressure, and such alteration as does 
<jccur is restricted to the neighbourhood of friction surfaces along disloca- 
hous, as for example in the Salz-Gebirge. The dynamic effect of heavy 

HOLLAH IV 
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superposed masses is absent. Nevertheless there are folds, overthrusts, 
recumbent sheets and allied heteropy of the most varied nature. 

Two features of a peculiar kind make their appearance in this part 
of the Alps. 

The fiist is the rectilinear boundary both in the north and south. In 
the north this is due to a dislocation along the Flysch, and indeed, for long 
intervals, to an overthrust. In the south it is marked by lofty limestone 
cliffs which re-send Je a true scarp. 

The highest summits occur in this part of the Alps, and the sediments 
are purely pelagic. We see no natural lx)undary, no trace of a shore, and 
on the southern mountains as far as the Gurk there are with trifling 
exceptions (the Mandliug range or the Gaisberg in Last Tyrol) no fore- 
lying or transgi'es.sive patche.s. Along the southern boundary a not 
incon-siderable portion of the sediments rest unconformably and auto- 
chthonously upon rocks extending from the Silurian to the lower 
Carboniferous; the other portion re.sts on still older rocks. The di.sloca- 
tions within the Limestone zone appear to lie quite independent of the two 
lx)undary linc.s, especially of the northern one, and of greater age ; they are 
frequently cut through by the ln^undaries. 

Tlie .second peculiarity consi.sts in this, that the ba.scment of the 
Werfen shales, i.e. the base of the Trias, is nowhere visible, except 
at the .southern extremity. It .scem.s as though all the diskjcations 
occurring wdthin the Limestone zone must come to an end within the 
Werfen shales and the salt-formations, which also lielong to the lower 
Trias; this may be due perhaps to a hori/ontal drafjghifj away of the ha^e 
or some other cause. In like maimer the basement of the anhydrite group 
of the Trias is nowhere visilile within the whole breadth of the Jura 
mountains. Buxtorf concludes that the sediment firy sheet of the Jura 
havS been detached from its basement, and that it is a ' sheared-oflf' sheet 
(Abscherungs-Decke) b The tangential movements in the Limestone zom 
are much more considerable than in the Jura mountains, but this feature 
of their structure is the same. 

The movements have occurred at different times. At certain places, as 
for instance in East Tyrol and especially in the neighbourhood of the 
northern boundary, uriconforinable marine transgressions sliow that parts 
of the structure are of pre-Conomanian age, as in the Carpathians. In 
other places the Gosau deposits begin witli conglomerate, and lignite 
inea-sures containing fresh-water gasteropods and land reptiles; they 
extend over different stages of the Trias and arc violently disturl>ed by 
the younger movements. 

' A Puxtorf, Zur Tektonik des Kettenjura, Jier. XXX. Versamml. Oberrheiu. geol 
Vcr. zu Liedau, 1907, 10 pp. ; Geologische BeichreibuDg de« Weisaenstein-Tuaiiels, Beitr. 
i?eoI Karto d. Schweiz, 1907, new Ren, XXI, 125 pp., map, in jiarticular p. 103. 
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The movements are also, however, of very various kinds. Owing to this 
diversity and tlie still defective state of our knowledge, we can only add to 
what has already been said with regard to the irahrirate dructure of Lower 
Austria (I, p. 112) by giving a few more examples, and we are not in a 
position to attempt a general summary. 

We must first I'cturii to the dragging avHiy of the base mentioned above. 
The mobile salt clay, in the Salzkammergut, for instance, has had a profound 
eflect on the Limestone Alps, which load it down, and it has itself been 
affected in turn. By the force of the movements long streaks of pure rock^ 
salt have l;)een separated from the clay, and a structure has been produced 
which Kohler explains by borrowing Becke’s account of tlie formation of 
crystalline schists ^ By the same movements alien patches have l»een 
dragged along. The Lias, wdiieh was encountered at a depth of 125 meters 
in the salt-boring at Berchtesgadon, must owe its position to a thrust-plane. 
It is an erratic fragment, like the lx)ulders of Tithonian, which occur at 
Ilallstadt in the midst of tlie salt-formations, at a depth of 260 meters 
below the surface*'^. These transporte<l fragments, like the streaks of pure 
salt, point to the dragging away of tlie liase of tlie stratified succession 
It is not so easy to explain the fact tliat, in spite of tlie apparently 
iiorizontal dragging away, intrusive rocks still occur, 

The isolated occurrences of these fragniimts have not as yet received 
siifticient attention. They lie in the AVerfen shales and the salt-formationSjOr 
in the Oosau be<ls, which so often rc^st directly on the Werfen shales an<l are 
pinched in witli them in tlie dislocations. On the south side of the Wolf- 
gang See, between tlie sheet of the Osterhorn and tliat of the Schafberg, 
gabbro with serjicntine crops out, and on the other shore, not far from 
Si. Gilgen, bouldei*s of tonalite, as big as houses, lie in the region of the 
Gosan l>e<lH which belong to the same boundary. At several localities 
galbro and dial>ase occur as boulders in the salt-formation. In the salt 
mine of Hallstatt diabase porphyrite occurs; as early as 1879 Hauer 
described it as exposed for a distance of 49 meters, and in places so 
thorougldy broken up into breccia that no Iwundary can be drawn between 

^ E. Kohler, Uebor (li«» soirenaniiten Stoinsalzzuge ties Salzstockcs'von Berchtosgaden, 
beogiK JahreKli. Miinclien, ^AT, pp. 105-124. These occurrences are very different 
ifoin the salt masses of Roiimania, ’which project from the Aliocene clays as rigid bodies 
and control the folding. It is possible that here, on the border of the mountains, the 
loading down was less. AVieliczka exhibits a tnmsitiou from folding to milling out. 

* A. R. vSehmidt, Ueber den Aufschluss des Salzlagers zu Hallstatt, Oestr. Zeitschr. 

Berg- u. Hattenw., 1873, XXI, pp. 81, 82. 

* Aigncr’a general sections show clearly the peculiar succession tff strata, according to 
'vhich the salt^formations of IlalUtein and Berchtesgaden form a recumbent fold, I)er 
^alzbergbau in don (istlichen Alpen, Jahrb. f. Berg- u. Hiittenw., 1892, XL, pp. 202-380, 
«« particular p. 211, FI. HI. 
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it and the salt-formation Mojsisovics thinks that fragments of eruptive 
rocks occur in almost all the exposures of the saliferous beds 

lliese fragments recall the southern parts of the Alps. They are the 
remains of intrusions crushed by tectonic movements and probably trans- 
ported from afar, together with the surrounding rock. They are never 
accompanied by Archaean basement fragments and must not be confused 
with the Lepontine outcrops on the north torder of the Limestone Alps. 
The occurrences on tlie Wolfgang See are particularly remarkable in 
this connexion. 

To these occurrences in the autochthonous but dragged-away base of the 
limestone, a complete contrast is presented by the rare but very clearly 
marked phenomenon oi peak foldiruj. 

On the oast of the Achen See (East Tyrol), rises the Sonnwend mountain. 
It is formed of a stratified scries which extends from the Main dolomite to 
the Cretaceous, and tlie lower beds, of great thickness, are thrown into 
broad gentle folds. Wahner, however, as the result of studies extending 
over many years, has succeeded in showdiig that violent folding occurs in 
the upper parts of the mountain, a discovery to which he w-tis led by the 
glaring contrast in the nature of the rocks (red Lias, Rfuliolarian berls, and 
hornstein breccia folded in wn’th wdiite reef-limestone). Flakes, or flat foMs, 
lie one above the other as many as four times, or even oftener. On the 
Sonnw’end Joch the continuous anticlinal arches are preserved in such a 
pack of flat folds. Tliey can only have arisen by detachment from tlie 
thick underlying dolomite. Wahrier‘s descriptions recall iho simile applied 
by Temiier to another locality — that of the gale, sweeping over the summits 
of the forest 

Recumbent sheets also occur. 

Rothpletz long ago distinguished two sheets in the Bavarian part of the 
Limestone zone. 

Ampferer gives an instructive description from North Tyrol of the 
passage of long, east-and-west folds into an equally long sheet thrust 
towards the north (Hindelang-Vomp slab). The slab terminates on the 
north in high cliffs of Trias limestone. Below them a younger series crops 
out, which ranges up to the Juraasic. This fonns the roof of an arch 

* Most of the facte will be found in C. v. John, Qeber Eruptivgesteinc aua dem Salz- 
kammergutc, Jahrb. k. k. geol. Reichsanst, 1S99, XLIX, pp. 247-258 ; rocks resembling 
glaucophane and green schists arc also mentioned. Under these circumstances it i*? 
doubtful whether the Wehrlite of the Traun terrace at Gmiinden has really been trans- 
ported from the Bohemian mass. Even far to the east at Wiirflach (not far from Wiener 
Neustadt) a serpentine mass occurs in the Werfen shales. 

* E. V. Mojsi.sovic3, Erlautening zur Special-Karte, Zone 15, Col. IX (Ischl and IJall- 
sUtt), 1905, p. 7. 

^ F. Wahner, Das Sonnwendgebirge im unteren Innthal, 1, 4to, Leipzig and Vienna, 
1903, 356 pp., map; for the underlying bed# of the Sonnwendjoch, see, in particular, 
PI I ; also Ampferer, Verb. k. k. geol. Reichsanst., 1902, p. 108. 
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(Stanscr Joch), which was once surmounted by the slab ; on its further 
(northern) side tlie slab has left behind patches, which are 8 to 10 kilometers 
distant from its existing edge 

We have stated that the slab (Hinterau-Vomp) surmounted the arch 
(Stanscr Joch), but it is not impossible that the arching up of the Joch is 
later than the over-thrusting, i. e. that the relation of the high Swiss chains 
(IMorcles, DialJerets, and others) to the recumbent sheets of the Chablais 
and elsewhere is repeated here 

Two sheets at least play a very important part in the structure of the 
Salzkainmergiit. The situation has not yet been explained in detail, but 
in these fossiliferous regions the heteropy is particularly instructive. 

In the Alps two extreme types of marine sediment may be observed, 
that of the lagoon — the salt and gypsum facies (in the lower Trias), and 
tliat of the deep sea—Radiolarian rocks (chiefly, no doubt, Jurassic), and the 
Aptychus limestones, which range up into the Neocomian. The great 
masses of limestone and dolomite between those two extremes correspond 
to more moderate bvit still considerable depths. 

In all formations, and in parts of the earth most remote from one 
an()tlier, we encou*!iter stratitied limestones ; and from what is known 
regarding the partings (II, j). 264), it would appear that the stratification 
is very often, and pin'hapH always, effected by terrigenous intercalations. 
This, however, tliroAVS no liglit on the origin of the fine stratification or 
lamination, apart from the terrigenous supply, displayed by the Radiolarican 
rocks ; and hence arises another question : whether this supply is rhytlmiically 
controlled, 

A pliotograpli of tlio Dent de Mozdi (2,888 meters ; Dinarides) shows 
heddiiig-planos, one above the other ; and neither in the ragged peaks 
nor at the bottom of tlnj picture does the series terminate. We are acquainted 
also with stratified dolomites (II, p. 263, note 3). Most East Alpine lime- 
stones are stratilied, and tlie compact reeWiincstone (in the Tithonian, for 
iiKstance), is an exception. 

According to the observations of Sollas and his colleagues in Funafuti 
tht; dolomites may be regarded as formed by subsequent submai'ine altera- 
tion of the limestone \ The limestone itself is of organic origin, and has, 

* 0. Ampferer and W. Hammer, Geologisclic Doschreibungdes Sdd-Theilesdes Karwendel- 
j^obirges, Jahrb, k. k. geol. lieichsanst., 1808, XLVIII, pp. 280-374, map; 0. Ampferer, 
tJfcologiscbe Beesebreibung des Nord-Theiles, &c., op. cit., 1903, LIU, pp. 160 252, with 
tev;tonic stereogram by Hammer, and, in particular, Verb. k. k. geol. Hoichsanst., 1906, 
P ' ^^72; also A. liotbpletz, Alpenforschungen. II, pp. 187-204. 

Thifi is also indicated by Ampferer ; at tbe same time be describes the recumbent 
^bcets 'with caution and reserve. Tbe evidence of the basement patches (Rappenspitz) 
r^imoves all doubt ; cf. A. Rotbpletz, Gcologiscbe Alpenforschimgen, II, p. 202, 6g, 86. 

^ The Atoll of Funafuti (published by tbe Royal Society), London, 1904, 4to, and 
Mias; in particular Judd, p. 373 et seq. 
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no doubt, been produced cliiefly by foraminifera ; the calcareous algae and 
the corals play only a secondary part. The terrigenous supply occurs not 
only in partings, but also as a colouring admixture, which may either be 
inorganic (red and yellow) or organic (black). The terrigenous origin of the 
red and yellow element (chiefly iron) is not so certain as that of the black, 
but Funafuti has sliown us that even on atolls remarkable bituminoUvS 
deposits may occur. 

Too- great importance has been assigned to nodules of manganese ; they 
maj’' have been produced, as in the Tertiary deposits of Russia, by Fucoids. 

In the Salzkainmorgut it is plainly evident that pure wdiito limestones 
and dolomites predominato in the soutliern part of the Limestone Alps, and 
that towards the north the terrigenous element increases in tlie form of 
partings, and the limestones ac<[uire a more variegated coloration. ThivS 
change is carried so far that Mojsisovics was led to conclude tliat the thick 
light-Colcmrod limestones, classed together as the Dachstein-kalk, correspond 
to at leavSt seven palaeontological zones of the Trias and six of the Lias b 
According to this view these zones are only intercalations in a common 
pelagic formation ; Diener airived at a similar conclusion with regard t« » 
the relations of the Trias to the Lias in the Himalaya-. ' 

At the same time it must be observed that in many great liniestonc' 
formations perfectly wdiite sediments occur devoid of the terrigenous 
element, and these are distinguished by an unusual abundance of organic 
remains (perhaps owing to the trifling amount of sediment). Examples of 
these white se«liiiients arc afforded by the Permian befls of the Tibetan 
recumbent sheets, the (iasteropofld)earing liinestonos of the Mannolata in 
the Dinarides (Trias), and t}\e Lrachioporl beds of the Hiei-latz stage (tipper 
Lias), an<l of Vils and Windischgarsten (Kelloway^ East Alps. 

A lithological and a faunal facies must be drstinguislied. In most 
casc>s, it is true, tlie sediment and the fauna change simultaneously, and it is 
this holisopy wltich facilitates the <leiimitation of the stages in nature. 
The holisopy may l*e repeated at places extreiiioly remote from one another ; 
G, Boehm has shown tliat vicarious isopy occurs in several stfiges of tlie 
Jurassic, Ixitween Europe and the Sunda Islands. Dienor has recognized 
the pure holisopy of several stages of the Trias, and especially of the very 
characteristic red Lias (berls of Adnet) in the north-cast limestone Alps 
and the Tibetan sheet, and he justly points out how striking is the contrast 
presented by the heterotypy of the adjacent sediments in the Alps \ 

' E. V. Mojsisovics, Ueber den chronolo^dschen Urnfang des Dachsteinkalkes, Sitzb. k. 
Akad. V/iss. Wien, 1896, CV, pp. 5 40, in particular p. 34, One of the most serious 
attempts to distinguish regions characterized by ditferent facies in the Eastx\lpine Trias 
has been made by Bdse, Zeitschr. deutsch. geoi, Ges., 1898, pp. 095. 761. 

^ C. Diener, Beifcmgzur Kenninisi' dei und obcrtriadischeu Faunen von Spiti, 

Zeitschr. deutsch. geoi. vres., 1900, CXY, pp. 757 778, in particular p. 773, 

* C. Dloner, op. cit., 1907, CXVl, p. 608 et seq. 
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With the view of giving an example we will now proceed from the 
Dachstein mountains into the Salzkammorgut, i. e. from south to north. 

In the DachsUdn mountaias indications of a clearly terrigenous intercala- 
tion (Cardita beds) of trilling thickness, and often scarcely discoverable, rest 
upon the Wettei'stein limestone which is about 1,000 meters thick ; upon this 
follows about 1 ,000 meters of dolomite and stratified Dachstein limestone, con- 
taining towards the summit some intercalated reddish beds, then in irregular 
superposition the white crinoidjil and Brachiopod limestoTie of the Hierlatz 
stage (zone of A mmonites oxynotus) without terrigenous indications. 

To the north follows the not very broad zone of the Hallstatt Sojt- 
formation, which is of completely different composition. North of this zone 
rises tlio llohe Kalleabery ; it repeats the facies of the Dachstein. Along the 
upper boundary of the thick Wetterstein limestone follows, as in the Dach- 
stein, th(j dark, and in this place oolitic, band of the Cardibi beds which, in 
the mountains situated still further to the iiorth-east, contains the fauna of 
Kaihl ; it is accompanied by ii thin layer of grey sandstone, whicli swells 
out toward.s the north-east and furnishes the terrestrial flora of Lunz (lower 
K».aiper, Newark system of the eastern United States). The higher clitfs of 
the Kallenberg consist of dolomite and stratified Dachstein limestone. 

North-west of the IvallenlMUg lies the broad an<l regularly stratified 
mass of the Oskrhorn, Hero we see feeble, argillaceous partings, with 
terrestrial plants and fishes, intercalated l)etween the bedding planes of the 
Daclistein limestone; they increase in importance towards the .summit, pass 
into <Jark limestone l»ods witli a littoral llhaotic fauna, until finally the light 
Dachstein limostojio di.sappears, and the llhaotic stage entirely fills its place 
(TI, p. Tlien follows, not the light Trias of the Hierlatz stage, but 

dark limestone witli llsilocoras, and the wlade series of the brown, yellow, 
red, and grey Lias up to the irun-!>earing beds with Stephanoceras Saazei; 
and last comes tlm upper Jurassic. 

The argillaceous terrigenous element, and the bright colours of the 
liinc.stonos clearly indicate an umuistakalde approach to the fiicies of the fore- 
land. For this niasou the argillaceous partings with Avkula contorta and 
the Rail)! l)cds with Myophoria Kkjerstein t affordeil, many years ago, the 
first anm'jctant tlireads with tlie facies of the foreland. Wahner has gathered 
the detfiils together in the case of the Lias, and luis shown that the sedimoiit 
may U) ho thin in places tliat a stage, that of i^chlofhelmio marmoreal for 
example, is only represented by a frequently interrupted crust of brown 
iron oi'c L 

' P. Wilhner. Zur hetoropinclien Diffei-enzierung der alpinen Lias, Verb. k. k. geol. 
fiekhsanst., 1880, pp. 16S, 190; in addition detailed palacontologiral treatises in Mojsi- 
s*ovic8 and Neiimayr, Beitriigo zur Pal aeon tologie, &c., 1882 and later; also Pompecki, 
Ldiieozoischo Bozichungen zwischen den untersten .Lia.szonen der Alpen und Schwabens. 
^ortrag ini Vcr. f. vaterl. Naturk. Wuriteinberg, 1892, pp. xlii-liv. 
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Three successive and important pai'ts of the range — the Dachstein, 
Kallenberg, and Osterhom — have now been cited ; they are to some extent 
comparable and present distinct connecting links, although not indeed com- 
plete isopy. East of the Kallenberg, on the right side of the Traun valley, the 
completely divergent facies of Hallstatt prevails along the Raschberg. Little 
is to be seen of the pelagic limestones and dolomites of the Kallenberg, 
which are at least 1,300 meters thick. The characteristic mcml)ers are the 
Salt-deposits and the typical Hallstatt beds. Mojsisovics has marked them 
along two elongated bands (Berchtesgaden to Hallstatt, St. Wolfgang 
nearly as far iis Lietzen) b The second band lounds on the north the mass 
of the Osterhom, on tliis boundary lie the alx)ve-mentioned occurrences of 
gabbro and tonalite on the Wolfgang See, and north of the lake lies the 
Schafberg, the rocks of which are intensely folded and present a facies 
altogether different from that of the Osterhoi*n, particularly in the case of 
the Lias. 

Thus, two facies at least occur in the Salzkainmergut, that of the Dach- 
stein, Kallenberg, and Osterhorn, and that of Hallstatt, Rascliberg, and 
Wolfgang. Of the first, that of tlie Osterhorn would corres]>ond to the 
development wliich is often d(?.scril>ed as the BajavariMn,lnit this, according 
to Rothpletz, separates into at lea.st two slieets in Bavaria itself. The 
second, or Hallstatt sheet, if it lay on the western border of the Alps, would 
probably l:>e correlated, owing to traces of intrusions, with the sheet of 
green-rocks, that is the uppermost horizon of the Ix^pontine group. It 
certainly lies lower than this group‘d. 

This example illustrates the difficulties with which we are confronted. 

The Fly^ch and the LeiM/niine helt^. If we enter the East Alps from 

^ E. V. Mojsbovics in Dioner, 13au urul Bill Oe-sterreichs, p. 387, fip. 2, and Erlauteninff 
zur sjeologisolien Special-Kiirto, Zone lo, Col. IX, 1:75,000. 1905. This gives detailed 
information on the stmtigraphieal series. 

® That the Salzkamraergut is divided into three regions, characterized hy dilferent 
facies, was asserted by MojsLsovics as early as 1879 in his Dolornitritfe von Sudtirol, Svo, 
p. 87 ; in the south and nortii the pelagic Dachstein lacics prevails, and between these 
the Osterhorn facies. For the disposition of the Hallstilttor facies, Bittner’s d«Xicript;iou 
of the Lamm district is important, Verb. k. k. geol. iieichsanst., 1884, pp. 70. 99, 358 ; 
Rothpletz, Geologische Alpenforschungen, II, p. 183, shows the liresenee of ptdagic 
beside Bunter facies, separated only by a dinlocation in the P:idornbach near Vila ; B5se 
describee Dachstein limestone above Jurassic Aptychu.s limestone on the Hohe Goll. Haug, 
Les Nappes de ebarriage des Alpes calcaires septentrionales, ct 2^’ parties, Bull Hoc. geol 
France, 1906, 4® ser., pp. 350'’422, contains an attempt at a general .survey. Four 
sheets are distinguished in this important work, namely the Bavarian sheet (B), the Balt 
sheet (B), the Hallstatt sheet (H), and the Dachstein sheet (D) ; of these (D) corresponds 
to the pelagic, fB) to the Bunter (Osterhom), and (H) to the Hallstatt facies. Dicner 
raises the objection that, according to Haug, (B) and (FJ) should be intermediate between 
(B)and(D), whereas in fact (B) and (D) lie nearer one another; Peterm. Mitth., 190L 
Haug’a publication is not yet complete. 

* Most of the localities mentioned in the west Tuay be seen on GambeVs Geologische 
Karte von Bayern, sheets 1-lV. 
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the north we encounter, south of the MoJasse, the Flysch zone — almost 
exclusively Cretaceous and lower Tertiary — then a Lepontin(3 belt which is 
particularly well-marked in the east, and not till wc pass to the other side 
of this belt do we reach the Trias of the Limestone zone. At the same time 
the folds of the Limestone zone are overlain from east to west in iinconform- 
iible transgression l)y Cretaceous patclies of two kinds, one of the Flysch 
and the other of the Gosau facies. 

Let us return to the northern shore of the Walen See in Switzerland. 
Arnold Heim observes that the Mattstock, formed of Cretaceous limestone, 
rears itself up scjiieezed into the nagelflue of the Molasse. Wherever 
Eocene Flysch lies between, it is crushed, and the Mattstock itself is a 
fraj^onent of a sheet Gulinen, Stock, and Gogj^'eicn are siinilar crushed 
limestone rocks, and all of them, along wdth the Churfirsten and the 
Siintis, are of a sheet without roots'^. They arc continued towards 

ilie taist-nortli-east across the Khine. At the saine time there are signs of 
ili)iiinished [u*essure, and with this one Flysch zone makes its appearance 
i<» tlie north and another to the south of the Inroad range of Cretaceous 
limestone which runs througli Vorarlberg. Vacek, many years ago, gave a 
(letailed descriptii 4i (d* its several folds, and of its stratitied series, which 
}v.M:inb]es that of the Santis ^ 

The Cretaceous range and the two Flvsch bands reach the Iller. Here 
iv gri'Ht transverse dislocation s(ds in towards the north ; the nortlieni 
Kly'^cb band disappears; the Cretaceous range, much diminished in breadth, 
in again on the Griinten, north of Sonthofen, and now forms the outer 
i 'Older of the Flysch zone ; the southern Flysch zone is continued further. 

The Giiinten still belongs to the Cretaceous facies of the Siintis, the 
<*haracteristic nieml>ers of which are here Gault-Greensaiid, Seewen lime- 
''tone, and the Senonian Seewen marl. This Santis facies nins as a narrow 
l‘eli along the nortli bonier of the Flysch. Traces of it are known even in 
die vicinity of tlie Isar, and Giimlxd marks them still furtlier to the etvst. 
We regard this belt, like the SantCs itself, as the l»order of a sheet, sometimes 
complettdy crushed, which crops out from tlie south from bencatli the Flysch 
/one. 

At the same time the Cenomanian occurs in transgression over parts of 
tlu* Limestone zone in long bands of fine grained sandstone with Orbitnlina 

' Arnold Bnuidimg <ler Alpen am Naj^elfluhgobirge, aiul Die Ersehoinimgen 

‘h r Liin^^szerreissung und Abquetschung am Nordsehweixer Alponrande. Vif?rteljahrschr. 
^atllrt. <;}es. Zurich, 1006, LI, pp. 441-472, map, 

* Albrecht Heim, Das Siintisgebirge, Beitnig geol. Karte d. Schweiz, new ser., XVI, 
ho, 1005, 654 pp., at las, passim ; ia particular Arnold Heim, op. cit., p. 450. and E. Blumer, 

cit., map on p, 599. 

® F. Freiherr v. Uichthofen, Dio Kalkalpon von Vorarlh(‘rg and Nord-Tirol, Jahrb. k.k. 
heichsanst., 1859, X, pp. 72-H17, and 1861-1865, XII, pp. 87*206; M. Vacek, Ueber 

Vorarlberg^ir Krcide, op. cit., 1879, XXIX, pp. 659-758. 
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concava. A particularly long band of this kind lies close to the north 
border of the Limestone zone, only separated in places from the Flysch by 
a narrow band of Trias. It probably begins at Hindelang, and attains its 
greatest degree of continuity in the Anniiergau and thence onwards east 
of the Isar, and probably yet further towards the oast. In tliis l)and we 
observe, above the transgressive Cenomanian, the first remains of the Gosau 
bods with their completely southern character, the Ilippurites and conils. 
Sohle justlj- emphasizes the ditFerenco between this fixeies and that of the 
Santis 

The Gosau beds of the East Alps comprise several membei's extending 
into the Seuoniau ; as to their order there is still some difference ot opinion 
But all observers are agreed that the Inoceramus marl with Pachydiscu^ 
Nenhercjicvs is the higliest member. Grossouvre places it in the Cam- 
panian \ 

This uppermost riicmber corresponds in many of its characters with the 
Bavarian Flysch. Inoceramus has been found in the Flysch; PachydwMs 
is conimoii to the Flysch and the Inoceramus marls of the 
Gosau. But the species of Inoceramus, as far as comparison luis been 
made, varo <liffe!*erit from those of the Gosau The thickJ^ess of the Flysch 
is also incomparably greater. The lower and typical members of tlie (h>sau 
with their corals, Rudistes, Actaeonellas, Omphalias and otlier forms, hav(‘ 
never yet been found in tlie Flysch zone '’". 

The Bavarian Flysch is overlain by marly shales, greyish-gr(?en in 
colour, and towards their upper part variegated or red. In the^e beds a 
fauTta Makei its appen/rance v.kich contanis an obvious admuiiirc oj 

upper Senonian forms ; and they inrlude^ in 
common leith the Flysehjhe FvcokU a nd the yreat thin-shelled Inoceramiu 
{Inoceramus SedishuryensU), Here, and indeed, according to Reis, chieily 
in the upper horizons, Belemnltella mucronata occurs in abundance, and at 
the same time Gryphaea vesieularis, Ostraea v/nyidata, 0, curvivostris^nnd 
other we!!-kno\vn upper Cretaceous .species, Alx>ve those, still otlier stages 


^ U. Sohle, Oeologisehe Aufnahmc des Labergobirges near Ober-Ainniergau, <ieogii. 
Jahresh. Mdnchen, 18(06/>7, IX, pp. 1-66, map, aud Das Ammer-Gobirge, op. cit.. 
18(98)99, XI, pp. B9-'o7, map. 

^ In particular there seeius to me good reason for doubt as to the high position assigned 
to the coal of Griinbach. 

* A. de Gro 3 .souvre, Recherchea sur la Craie Sop^rieure (Memoire ix>ur eervir a Texple 
cation de la Carte geologique), H, 4to, Paris, 1901 ; La Craie dans Ics Alpes orientalcs, 
j>p, 597-646. 

* W. Petnischeck, Ueber Inoceramen an dem Gosau iind dem Fly.sch der Nordalpen^ 

Jahrb. k, k. geob Reichsan>st., 1906, LVJ, pp. 155-168. We must also mention the groat 
Fnoreramvs Saluhnryensis from North Africa. ^ , 

* The sphaerulite found at Liebenstein in Bavaria belongs to the zone of the Santis 
facies. Rotbpletz, Geologische Alpenforschungen, II, pp. 215-219. 
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(Pattenau, Gerhartsrcutcr, Hachau beds) are distinguished, which are of 
trifling thickness, and have little importance for the questions treated here^. 

In the Pattenau beds wo still find associated together Belemnitella 
niucronaia of the white chalk, and Inoceramus Salinburgetisis of the 
Flysch, and Pachydiscus Nexihmjicus of the uppermost Gosau beds. 

The whole lu’cadth of the Flysch zone is overfolded to the north as far 
as Salzburg and far Ixiyond it. 

There is a universal dip to the south. On the north border the 
Nierenthal beds, and still higher bed.s of the Cretaceous, crop out from 
beneath the Flysch, and from beneath these the Eocene. The investigations 
of J. Bdhm, and particularly the .studies which Reis has made of the structure 
of the Eocene iron-oros, show that the Eocene and the highest part of the 
Cretaceous arc repeated by thrust-planes dipping to the south and broken 
up into scales or flakes at the base of the Flysch, which is here very thick 
Again in the beautiful section of Mattsee (Upper Austria) we sec Flysch 
resting upon Nierenthal beds with Beleumitella and these upon Eocene. 

On the south border of the Flysch zoiujt the case is diflerent. While in 
the nortli the uppermost Cretaceous and the Eocene arc sometimes exposed 
over l)roMd, irregular surfaces, as for instance south of Teiseiulorf, or the 
ICoecne at least remains visible in an easily recognizable belt, as to tlio 
north <jf Salzburg ; in the south, on the other hand, the southern dip carries 
the Flyscli straight under the Tria.s, or under a zone of Aptychus limestone, 
which lies in front of the Tria.s, and in striking indepoiidence of it; only 
rarely iiuleod are Eocene and Nierenthal l)ods visible at all on the south 
bounrlary. A pinchcMl-in patch of these beds does, however, occur in the 
Gschliefgralaui near Gmunden; according to Fugger’s description it dips to 
the south beneath the Trifis, so that the Eocene dips l>eneath the Tria.s 
Tliis circumstance sho\v.s that the Fly.sch zone must bo regarded in fact 
as an independent formation concealed in part l)y the Limestone zone 
which comes up from the south. 

A scrie.s (rf Tertiary patche.s, lying transversely across the strike of the 
bimesbuie range, extends along the north-west slopes of tlie Untersberg 
l‘eyond Salzl>urg tow-ards Reichenhall, proceeds south-west to near Keit im 
^Vinkel, and thence onwards through north-east Tyrol in an aliuo.st 
unl;*rokeu band into the Innthal; it continues in this valley still further 
t^)wardvS the south-west into the neighbourhood of Wdrgl, and according to 

' J. 13ohtn, Pie Kreidebildnngen dcs Fdrberg 8 and Sulzberg’s bci Sieg.sdort‘ in Ober- 
baycni, TaUieontogriiphica, 1891-1)2, XXXVI II, pp. 1-106, ifiap ; 0. Heis, Erliiuterung zu 
dt?r gcologiscliou Karte der Vordenilpenzone zwischeii Bergen uml Teisendorf, Geogn. 
•bfihrosli., 18(95)96, VIII, pp. 1-155, map; Fauna der Ilacbauer Scliicliien, op. cit.. 
iB(90j97, IX. pp. 67-104. 

* 0. Reia, Zur Geologic der Eisenoolithc fiihrenden Eocanschichten aiu Kressenberg in 
i'ayern, Geogii. Jahresh., 18(97)98, X, pp. 24-49, PI. 1. fig. I. 

* E. Fugger, Jahrb. k. k. gcob Ueiclisanst., 1904, Llll, p. 338. 
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certain statements even further up the river. It includes the lignite forma- 
tions of Haring, and belongs to the Vicentine series of Laverda and Gom- 
berto ^ It bears a southern stamp. 

In the region occupied by these patches some remains of Cenomanian 
are also preserved, and in the Innthal l>elow Kufstein Schlosser Ixas discovered 
the Nierenthal beds ; here, too, they contain the great flat laoceram ns Salla-^ 
hurgensis of the Flysch which, while separated from the Gosau beds, is thus 
present in the Limestone Alps 

According to Giimbers account we must conclude that these patches 
are the remains of beds Avliich were deposited unconformably on the Lime- 
stone mountains, and were tlien, at least near Reit im Winkel, let down in 
more or less trough-like faults. (.Tiimbel justly infers that the later (lishM:a- 
tiom of the high mountains v:ere movements in mass, and not isolated 
foldings ; this would explain the fact that the Molasse mountains lying in 
front of the great range were laterally compressed, wliile in these patches 
no signs of lateral pressure can be perceived The Limestone zone was 
carried forwards as a wliole after it was folded, and this part of the folding 
was older than the Cenomanian, but the general moveinent was more 
recent than some stages of the Tertiary. 

Having gained tins information, and particularly the fact that the 
Cenomanian transgression extends unconformably over j>art of the Lime- 
stone Alps, and that the upper Senouian, including the Nierenthal Ixeds. 
may follow it, let us turn our attention to the east. 

Here, too, even up to the most easterly exti'emity of the Li?nestone zone, 
the same transgression is known, characterized in the same way by Orhi’ 
iuUrat eancava, and again followed, l>y the Senouian up to th<,‘ Inoceramus 
marls. These facts liave been admirably set forth by Oeyer in a study of 
the lower Enns valley But we must not conclu<lo that the southern 
boundary of the Flysch is marked only by overfoldings of s\ich limited 
extent It is a boumiary of the first order, and from the Rhine to the 

^ 0, Reis, Die Korallen dor K<*iter Scbirhteri, Oeol, Jahr.-sle, l*SsO, 11, i»p. 91-102; 
K. Deninger, Molluskenfauna von Reit ini Winkel and Reichenhall, op. eit., 1901, XIV, 
j)p. 221-245 ; J. Dreger, Gastroj-odcjn von Haring, Ann. k. k. naturhist. Hofinus. Wien, 
1892, VII, pp. 11-84; and Larncfllibranchae von Hiiring, Jahrb, k. k. geol. Heichflanst., 
1903, LIII, pp. 253-284 (p. 262, bore-hoU.8 in the Munchelkalk filled with Tertiary marls, 
therefore hardly overthrust segment!?). According to older BtiteinentH an Eocene stage 
also seemed to be rei)re«cnted at Reichenhall ; cf. T. Fuchs, Verb. k. k. geob Reichsanat., 
1874, p. 132. Remnants of a Cenomanian basement occur in places, e. g, M, Schlosser, 
op. cit., 1<S93; p. 195. For the south-western localities, Leusch, K ai serge hi rge, Zeitschr. 
d. Ferdinandeum, Innsbruck, 1907, 3rd scr., LI, x>P' 53 137, maj;. 

'' M. Schlosser, Centralblatt f. Min., See., 1901, p. 057. 

^ C. W. V. GOrnbel, Die geologische Stellung der TcHiJlrschichten von Reit im Winkel, 
Gcogn. Jahresh. MOnchen, 1889, II, pp. 163 175, in particular p, 169. 

* G. Geyer, Ueber, die Gosaubiic! ungen des unteren Ennsthales und ihre Reziehungen 
zoxn Kreidefiysch, Verb. k. k. geol. Keichsanst., 1907, pj). 55-76. 
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Danube separates the Flysch zone from the Limestone zone as an indepen- 
dent tectonic element. It is, as Bittner says, ‘one of the most sharply 
marked features in the structure of the north-east Alps. ^ ’ 

The lino stands out very clearly on the map. Sometimes the Limestone 
lies more nearly horizontal on the Flysch, at others it is more sttjeply 
inclined. The Flysch is in part Cretaceous, and in part lower Tertiary. 
The strike of its folds is independent of the direction of its boundary, as 
has been shown by Paul in particular ^ The transgression shows us that 
some very important movements occurred before the Cenomanian and others 
much later, as was also the case in the window of the Paring, for example, 
and over a large part of the Carpathians. 

It is along this dislocation also that the Lepontine l>elt crops out. In 
Bavaria it is only represented by the basement patches in the region of 
Oberstdorf and Ritterscliwang. Besides the great boulders of Archaean, 
wc* find tliabase porphyry, and limestone with chert, as well as other rocks. 
The great block of granite, 10 meters in length, on the summit of the 
Bolgen is also assigned to this belt. Above the Flysch zone i.s<3lated masses 
of Aptychus limestone are to be seen; Rothpletz suggests that they are 
remnants of fragments let down from above 

In thfi east the traces of tlie Lepontine belt are more considerable. 

As early as 1853, when the Alpine Brachiopods formed the subject of 
invesstigation, the necessity was recognized of separating from the Kdssen 
lie* Is a particular group, the Gresten beds, characterized by their black 
colour ami l)y particular species {Sinrifer Hauer i.^ Ithjnvhonella audriaca, 
and otliei's). A little later F. von Hauer described the fauna of the Lia.s 
and explaine<l its connexion with the so-called Alpine coal. Sul.iscquontly 
wlien Lipoid wa.s entrusted witli the investigation of this Alpine coal, and 
Stur at the same time made a stufly of its flora, it was seen that two scries 
of lignite beds occur in the Alps of Lower Austria, namely that containing 
tlifj flora of Lunz (lower Keuper) and that containing tlie flora of Gresteii 
(Ithaetic and Lia.s). It was also shown that the black marine Litis of Gresten, 
along with the lignite series of the same locality, both of which present a 
facies difFcrent from that of all other Alpine exposures, occur only on the 
Imumlary hetvxen the Limedone and the Flysch*. 

^ A. Bittner, Die Greuze zwischen der Flyschzone und deu Kalkalpen bei Wieu, Jabrb. 
geol. UeichsanstM 1900, L, pp. 51 58, in particular p. 57. 

® C. M. Paul, Der Wiener Wald, Jahrb. k, k. geol. Reiclisanst., 1898, XLVIII, pp. 53-^ 
178, map, e. g. p. 171. 

^ Similar views in Tornquist, Sitzb. k.-preuss. Akad. Wiss., Berlin, 1907, pp. 591-599. 
Flat overthrusting of Main doloinito upon Flysch in llothploiz, Alpcnforschungen, II, 
e. g. p. 14, fig, 6. 

* IJcbcr die Brachiopoden der Kfissener Scbichten, Sitzb. k, Akad. Wiss. Wien, 1853, 
X p. 286, Denksebr. k. Akad. Wiss. Wien, 1854, Vll, 36 pp. ; P. v. Hauer, Jahrb. k. k. 
geol. Reichsanst., 1853, IV, p. 739 ; M. L. Lipoid, op. cit., 1865, XV, p. 30 et seq. 
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Observations now multiplied rapidly; the beds of Gresten, for example, 
were discovered in the Balkans, and the same facicvS of the Lias appears to 
extend to Persia, but nowhere within the East Alps are they known outside 
the above lK)undary. Finally Trauth united all the outcrops of these and 
the accompanying strata which extend from the Gschliefgraben near 
Ginunden as far as Vienna in a single ‘^East Alpine Klipponzone'^ 

This zone presents a mixed series. It contains representatives of the 
foreland and of the East Alpine sheet, as well as traces of Lopontiiie and, as 
Uldig long ago pointed out, also of Carpathian character. The best-known 
of these outcrops lies near St. Veit in the city of Vienna itself. Many 
descriptions of it exist, the latest is by E. v. Hochstettcr The visible 
part of the series begins with the Swabian (litoral) facies of the Rhaetic 
.stage, presenting a development which may be compared with that of the 
foreland. Tlien follow the (Jresten bctls, the spottt?d marls of the upper 
Lias (hitherto without fossils), many subdivisions of the middle Jurassic 
(very different from that of the neighbouring limestone zone), and red 
Jurassic Radiolarian clieH ^Yith Aptychus ; in the region occupied by this 
chert loo.se blocks of a By'oeken tuff were found (plagioclase basalt, 
according to Pelikau). Tlien follows white platey limostpne with Aptychus 
DidayL 

The association of litoral (Rhaetic) and of abyssal (Radiolarian) beds in 
this series is reinarkalile. Every attempt to minimize the importance of 
the.se fact.s is frustrated by tlio circiim.stance that here, outside the existing 
noiih bonier (;f the Lime.stone zone, .sediments occur wliicli indicate a sea 
4,000 to 5,000 meters deep. 

At other localities some additional horizons occur, a.s, for instance, the 
Tithonian liniestone near Waidhofen. 

The Liiijcstone zone lierc represents the East Alpiiv:. scries : the Fly.sch, 
the Helvetian ; the Gresten zone lies l.»etween the two. It must tlins be 
placed for the present in the Leporitine group, as has been suggested by 
Trauth The tectonic horizon is very near to that on which patches of 
Ai'chaean rocks crop out in Western Bavaria (Obeistdorf and otlier places), 


’ F. Trauth, Ueber die Grestener iSchichten dor (ysterreichischen Voralpen, Anz. k. 
Akad. Wiss. Wien, 190G, pp. aOS-JjJO. 

* W. Ritter v, Jlochsitetter, Die Klippe von SI. Veit bei Wien, Jahrb. k. k. geol. ReicliR* 
anst, 1897, XLVIl, pp. 95*4 00 ; F. Trauth, Neuor Aijfschlus.s im Klipjjengebirge von 
St. Veit, Verb. k. k. geol. Heichs?aniit., 1907, pp. 241-245. 

® Paul l>elieved that the Neocomian of St. Veit adhered normally to the lowest mem- 
born of the Flysch ; in that case the tJresten series would form pjft*t of the Flyacb zone. 
The fact that the strike of the Flysch, as Paul himself shows, frequently diverges from 
the boundary line, while that of the Gresten gerit*» follows it, does not fiwour this hypo- 
thesis (Paul, Jahrb. k, k. geol. Beichaanst., 1898, XLVIl f, p. 137), but the question must 
remain open. Haug compares the series with the Pf<5-Alpe8, Bull. Soc. g^oL France, 
1906, 4® ser., VI, p, 366. 
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and here as there the same phenomenon occurs, beginning at lake Traun. 
A hill, near Weyer, Leopold von Buch's monument, about 150 meters long 
and 40 meters high, formed of granite blocks all of the same kind, has 
frequently been regarded as standing in place, a belief shared by Gumbel 
with regard to similar occurrences in Bavaria. Geyer has described it as a 
litoral fragment of the Gresten formation'. The structure of the Flysch, 
north of this localit^^ would be hard to understand if the foreland cropped 
out hero. Furtherthe.se Lepontine patches cannot be compared with the 
isolated granite boss of tlie Waschberg near Stockerau, whicli does in fact 
l)elong to the foreland, but lie.s outside the Flysch zone^. 

Tliis very renuirkable pai*i of the outer border of the Flysch, situated 
north-north-west of Vienna, already begins there its course to the Carpa- 
thians. blit unfortunately it is very imperfectly exposed. Abel has described 
Tithonian from it. This on account of its position on the outer border 
cannot bi^ assigned to the Gresten zone Marl with Belem uitella muct'ouata 
occui*s and represents tiie Nierenthal beds of Bavaria. The Vacentine type, 
which pre\ ails in the older Tertiary along the whohj nortli border of the 
Kast Alps, also makc‘S its appearance. In the Carpathians of Moravia the 
occurrence of lihjycondlii pol yrttorpha Maas shows a coiTCspondence with 
the stage of Spiiocco ; the beds with .hVhinolarttpuf< conoideu^ of ilattsee 
it'pper Austria) r(‘prosent the Gichelina; north of Stockerau we meet with 
tlie Prialiona stage and tlie corals of Gomberto. — 

We Avill now pass the facts in review. 

In the (iosau beds, within the Limestone Alps, the southern facies 
predominates up to the lower limit of the Inoceramus marls (Campanian), 
as it iloes in the souUi of France, Transylvania, Annenia, and elsewhere. 
I'lie.se southern representatives are never encountered in the Flysch zone. 

In the Flysch zone very thick deposits occur whicli contain, in common 
with the Inoceramus marls of Gosau, Pachf/di^vxis Neubenjicus and some 
other AmmonitcH, but they arc distinguished by 6ther .species of Inoceramus 
(ill particular Inoceramm Saliahurgemis), Towards the summit they are 
associated with the Nierenthal beds, in which a nortlicrn intluence makes 
its appearance. 


* Gcycr, Ueber dio (Jnuntklippe iiiit dem L. v. Burii-Denkraal im rechgraben bei 

Verb. k. k. geol. Ueichsanst., 1904, pp. 363-390 ; also Hochstettor and Toula, 
cil,, 1S70, p. 01, and Toula, 1905, p. 89; Mojsisovits, op. cit., 1893, p. 14. In the 
I'ly.sch boulders occur rosenibling those of the foreland, along with quite alien rocks, 
0. g. augite porphyry ; Berwerth, Min. petr. Mitth. Wien, 1907, p. 12 (al-^o in Becke, Min. 
petr. Mitth., 1007). 

* This is Sudciic granit«> surrounded by horizontal beds of an Eocene or lower Oligo- 
''fine litoral oonglonicrate, the only visible sign of a shore in the neighbourhood of the 
East Alps; Stur, Geologische Kartc der Uingebung Wien’s, 6 sheets, fol., 1891. 

0. Abel, Verb. k. geol. Rcichsanst., 1897, pp. 343-362. and 1899, pp. 284-287, 374- 
et passim. 



192 THE EAST ALPS' [party 

Near Salzburg this series approaches close to the typical Rudistes l)eds 
of the Gosau \ In north-east Tyrol a patch of it rests upon transgressive 
Cenomanian, and botlilie unconforiuably upon the folded Limestone zone: a 
thrust-plane separates this part of the Limestone zone from the Flysch 
zone. 

The accumulations of lideinnitelht muvronata which distinguisli the 
upper Senonian of Central Europe have never been met with in the Lime- 
stone zone They are again seen on the outer border of the Flj^sch up to 
Mattsee and Stockerau 

Precisely similar relations are presented by the Fl5^sch zone of the 
Cai’pathians. The lower Cretaceous bears u predominant southern stamp, 
though the northern intluouco already sets in with the Exogyras of the 
Cenomanian Wisniowski mentions Adi)axwnax verity as a i-eprosentative 
of the lower Senonian, also the occurrence of PachydUciLS yeitherylrus and 
Imceramus ASalis^nrrfjcn>>i<, that is the typical representatives of the 
Niercnthal beds of Bavaria 

In Bawaria the beds overlying those contain a very large numbei’ of 
species which correspond with those of Maestricht. With the? Eocem?, the 
southern Vicentine type makes its appearajice, particularly in Austria. 

We may therefore conclude that in the Flysch zone of the East xVlps 
and the Car];)athians a southern intiueuce prevailed up to the Cenomanian, 
from that time to the close of the Cretaceous a northern influence prevailed, 
and after that a southern influence whicli continued up to and int<» 
Mediterranean times. These phases coincide with the positive movement 
of the middle and upper Cretaceous, and with the negative movement at 
the close of the latter. In other wonls; — l^ieyeaeral tramyreH^iini that 
occurred riwj upper aad middle Cretaceous times introdwed norther n 
elements into the Alpine sedinfcnts, v:hich, v:itk this exception, ar^' 
characterized throughout hy southern and Mediterranean types. 

In like manner the southern lower Cretaceous of Roumania and the 


* E. Fugger, Fuhrer z. internat. Congress, 1903, No. 4, Salzburg un«l Uingebiiug, .:i1ho Di" 
Gaisberggruppe, Jahrb. k. geol. Keiebnanst., 1900, LVI, pp. 213-258, ami, in particular, 
Erlauterung z. Si^ecialkarte, Zone 14, Col. VIJI, Salzburg. 

* The occurrence of the rare species JJehmuiteMa Hoe/cri, Schlonb. in the Gosau be<b: 
of the New World, or of a rare Ij^ lemnitclla in the Scaglia of the Rrianza TDinaridcs). 
does not affect this view. A different explanation is held by M. Grossouvre, who bas don»* 
valuable work on the homotaxis of the Gosau. Sur lea couche.s do Gosau, con:sidenM‘> 
dans leurs rapports avec la theorie tlu cliarriage, Bull. Boc. geol. France, 1904, 4^ sth.. 
iV, pp. 765-776. 

’ 0. Abel, Verb, k. k. geol. Reichsanst., 1897, p. 361. 

* V. Uhlig, Tatra-Gebirge, Denkschr. k. Akad. Wias. Wien, 1897, LX IV, p. 684 et 
passim. 

® T. Wisniowski, Inoceraniug-Schichten in den Karpathen, Anz. Akad. Wise. Krakau, 
1905, pp. 352 -359, and Fauna der Spasser fecLichten, op. cit., 19C6, pp. 240 254- 
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Crimean steppe is overlain by northern Senonian, and this by southern 
Numinulitic limestone. 

Finally there are certain facta of general significance which cannot 
l»o passed without mention. These are: the very great thickness of the 
Flysch, the complete absence of Cretaceous ingressions and transgressions 
irom the great longitudinal valleys on the south border of the Limestone 
/one, and the occurrence of isolated patches of limestone, chiefly no doubt 
.Vcocomian, within the Austrian Flysch, and at one locality the association 
of serpentine with this liuiestonob 

* 0. Abel, Jahrb. k. k. geol. lieicliBanBt., 1903, LIII, p. 108. 


•S0Lr44S JV> 


O 



194 


CHAPTER VI 

POSTHUMOUS ALTAIDES 


1. The Alps, Their continuation to the north-east and east. Their continuation to 
the south and south-west. 2. The folds of Provence. 3. The Pyrenees. 

Aftkr the Eastern Altaicles had been built up, and the Altaidea had 
been converted into horsts, inoiintain ranges arose in the areas faulted 
down between the horsts, and it is these which we de.signate * posthumous 
Altaidcs \ All these posthinnous chains have undergone folding in Tertiary 
or even later times. All, with the exception of the Mediterranean Atlas, 
form part of Europe. 

The most important member is the Alpine system, or the Alpide.s. In 
istudyiiig these mountains on the basts of tlie two prc'ceding chapters we 
shall first consider the Alps themselves and particularly their subdivision 
into sheets. Following their continuation to the north-east we sliall discuss 
the part plaj’ed by overthrust sheets in the structure of tlie Carpathians. 
In the south-west the very peculiar relations of Calal>ria to Sicily, and 
of Sicily to Tunis, will have to be considered. The divergent development 
of the Trias in different parts of the western Mediterranean will throw' 
some additional light on that part of the Tethys. 

The second member of the Altaidcs comprises the folds of Provence, 
the Pyrenees and the mountains of northeni Spain, In tliis case the chief 
ix>ints which call for mention are the relation of a fragment of the 
Altaides — the mass of Mouthoumet, situated in the bend of the Provencal 
folds — to the Pyrenees, tlie large part played by the AItaide.s in the 
composition of the Pyrenees, and their movement tow\ards the south, as 
well as many unusual b^ature.s which occur in the structure of these 
mountains. 

There are also posthumous AltaidCvS in the Ix^ndon and Paris l>asin, and 
in western Portugal, but these have already been dealt with, ami will not 
be discussed again. • 


i. The Alps. 

The EclhI Alpine ^heeL From W’^hat has already preceded it wrill be 
seen how great are the gaps in our knowde<]go of the Alps, and bow recent 
are the attempts Uj explain the problems they present, especially on the 



EAST ALPINE SHEETS 


195 


CH. Vl] 

east, in the light of modem discoveries. Under these circumstances the 
most valuable service which can be rendered by a synthetic research is to 
point out the problems which most press for solution. 

We must never lose sight of the different nature and value of the three 
principal boundaries: namely, first, the Dinaric boundary, of profound 
significance as a line along which a foreign element approaches the Alps; 
next, the line through the Rhaetikon, Oberhalbstein, and Piz Trcmoggia, 
important as forming the western boundary oLthe superposed East Alpine 
sheet; and finally the inner Flysch zone, instructive in itself, but 
not entering so deeply into the structure. The East Alpine sheet is 
divided ijito two halves along its length. The Semmering, the gi'aphite 
zone of north Styria, and the Taueni are anomalous elements wliicli mark 
the division. In all likelihood the marble ranges of Schnecberg and 
Ratscliings, and the probable continuation of the latter to Laas and south 
of the Ortler, will one day prove to be tlie continuation of the Mesozoic 
limestones of the Tauern, find thus prolong the separation towards the 
s(mth-\vest ; but at present the proof of this is lacking. 

Its scfuthern hxdj\ wliere it emerges from the Hungarian plain on the 
cjist, is very l)roa<l. 5 It includes the greater part of the basin of the Mur , 
al)r>ve Oratz, the Palaeozoic tnountains of Gratz, and the mountains formerly 
known ;is the Central Alps of Styria. In the south this half of the slieet 
is adjoined by a long strip of Mesozoic accompanying the Dinaric boundary) 
which to the east in the Karawaiiken, and to the west in the mountains 
of Lienz, is violently folded, and includes the Drau range. I.rfirge elongated 
parts of it are let down in trough.s. In the Gurk valley these Mesozoic 
sediments ac(‘oinpanied V)y upper Cretaceous and Eocene encroach in a flat 
transgiTssion far to the north over the ancient rocks of the Mur Alps. 
They present the character of the northern Limestone Alps. 

Throughout the west they are separated from the Dinarides by a strip 

gneiss and mica-schist. On the Brenner, over the narrow zone l>ctween 
S[.rechenstein and the granite of Brixen, this strip and a pinched-in hand 
of Trias alone represent the southern half of the Eiist Alps. They surround 
die head of the Dinarides, and the older rocks may be followed west of the 
Jndiearia lino into.tlie region north of the Tonalc pass. 

^rhe soutliern and western part of this great piece of the Alps ap[)ears 
to havi? stood passive uruhu’ the influence of the advancing Dinarides. In 
the Kreuzeck group there is the added influence of the Tauern. The Mur 
Alps present in no small degree, both as regards their scenery and the 
^naniier in which they emerge from the bromi plain, the characters of au 
Jiutochthonous region. It is here that doubts as to the sheet-like 
•‘structure of the Alps find tlicir greatest justification. It is possible that 
^vith the progi'css of discovery we shall be able to eliminate here a foreign 
^nigiaent from the Alps. 


o a 
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Throughout this region, from Hungary to the Brenner, there is a 
complete absence of glaciers. 

The northern half of the Ead Alpe diifers fnJm the southern in many 
respects. It consists in the south of a strip of ancient rocks, which is 
regarded as a continuation of the Mur Alps. It adjoins on the west the 
ancient quartz phyllite of the Pinzgau, crosses the Brenner south of 
Innsbruck, and we.st of the pa.ss attains a groat bi*eadth, forming the 
Stubai, Oetz, and Selvretta. The same rocks Imar in the south the whole 
of the Mesozoic Braulio range, together with the Ortler. ’ 

In the north, throughout North Styria, the ancient rocks are overlain 
by a zone of Silurian, Devonian, and Carboniferous limestone, which 
disappears in East Tyrol. Resting upon this, and in the west directly 
upon the ancient older rocks, is the East Alpine Limestone zone. Towards 
the north it is thrust over on to the Flysch zone or funded by a steej) 
dislocation. 

The Limestone zone exhibits all the characters of a ' supernatiuit ' 
segment. Along the whole western lx)undary, from Poschiavo to lake Sils, 
and through Ob<3rhalbstein, on the Rhaeticon and as far as the Falkniss, 
the mountains of the west dip beneath the East Alps. Tlioir relation to 
the Flysch has already been mentioned. On the east, where tlui northern 
part of the East Alps is but narrow, it proceeds towards the Carpatliiana, 
but on the south border it again presents itself as supernatant, since all the 
foreign separative elements, such as the Semmering, the grapliitic range of 
North Styria, the eastern part of the Tauern, and the marble zone of the 
Schneeberg, dip beneath this border towards the north-west. North-west 
and west of the Tauern, overthrusts of the foreign elements towards the 
west and north occur under peculiar conditions. Many indications combine 
to show that the mass of the Ortler is a syncline open towards the north. 

The inclination of the Flysch, directed almost exclusively to the soutli, 
gives to all the sheets of the northern East Alps, and in particular the 
northern Limestone zone, the form of a basin. At the same time the 
Limestone zone is broken up into several sheets overthrust tow^ards the 
north. The contours of many of these appear to be determined by the out- 
line of the Bohemian mass and the encrf)achment of tln^ Carpathian strike; 
all of them have been moved upon the Werfen shales aufl the salt beds, 
without working down into the deeper substratum. One set of movements 
is older than the Cenomanian, the other is younger. 

At the lowest level affected by these movements, and particularly in tJie 
Salzkammergut, intrusive rocks occur. They also make their appearance, 
perhaps as kneaded-in rather than intruded rocks, in the Cretaceous, which 
rests unconformably on the Werfen shales. 

The scenery also of the northern Alps is extremely different from that 
of the southern. No comparison can be made between the great snow- 
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iiclds of west Tyrol, or the group of the Piz Buin in the Selvrctta, and the 
mountains of Central Styria with their soft outlines and green mantle 
of vegetation : the MesozSoic region of the south gives rise in the Ortler to 
the highest mountain of’^ Oemiany. The Limestone zone bears all its 
highest peaks, such as the Scesaplana, the Zugspitz and the Dachsfcein, on 
its steep southern slope. — 

The Lepontine unmp includes all those sheets wliich r^ccupy a lower 
tectonic position than the East Alpine, and a Irigher tectonic position than 
the Helvetian sheet. They arc distinguislied, as a consequence of their 
position, by considoral>le dynamic alteration, and in many parts by basic 
injections — the Pictre verdi. In tliis group, Trias and Jurassic sediments 
arc frequently converted into sericitic quartzite and white marble. 

The Ijepontine sheets extend on the south to the plain of Lombardy 
and the Dinaric boundary ; on the east they dip beneath the East Alpine 
slioet; on the north and west we shall find the line of the inner Flysch 
zone useful as a means of distinguishing the various members of the 
Lopontiue group ; it will afford assistance in tlie correlation of the Corsican 
fiagrnent of the Alps. The Lepontine sheets, liowever, in so far as they do 
not proceed directly from this line, overlap, in a long series of recumlrent 
(latches, not only the line itself but even the outer border of the Helvetian 
iJioet which lies in front of it. 

As a consequence involved in the general vstructure of the Alps, this 
;rrovip of slicets appears on the v:e8t as a broad open range or in the form 
vf recumbent sheets, on the ead ou the other hand it is revealed in great 
c'indo'ivs, 

(a) The tiheet of the Deni lUanehe is a Lepontine sheet resting on 
Lopontiue rocks. It has its origin in the zone of Ivrca, which is strongly 
injected witli b.asic rock and accompanied on both si<les l>y Mesozoic 
marble ; it owes its separation from this zone to erosion. It extends from 
Monte Einilius, south of Aosta, to the Turtinan glacier, north of Zermatt. 

(b) The Piedmontese Alps fonn so large a pari of tlm whole of the high 
mountain region that we n\ight be incHne<l to include them, as a sulMlivision, 
in a group of a higher order. It is the difficult questions which arise as to 
the origin of their representatives in the north and east that ha ve prevented 
the application of the name Piedmontese to the I-/cq>ontine group as a whole. 

The Piedmontese Alps include all the mountains from the bonier of the 
plain of Tjorabfirdy to the compressed fascicles of scdiinentiiry folds on the 
inner side of the Mcrcantour, the Pelvoux, Mont Blanc, the Rhone valley as 
far up as Sion, the val Bedretto, Airolo, and the Luckmanier pass. iPhis 
vast region is chanictcrized by great mjisses of gneiss, by a high degree of 
dynamic alteration in the sediments, and, more especially in the south, by 
the importance of the l>asic injections. A great arc of Carboniferous, 
extending from the Rhone valley a long way to the south, borders the* west 
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of this region and points to the unity of the movement as a whole. Traces 
of it occur in the Ligurian Alps, oven in the vicinity of the sea. Within 
this part of the Alps the recurvation towards the Apennines is effected. 

Thus, the Piedmontese Alps include the range of the Pietre Verdi of 
Monte Viso, the possibly autochthonous gneisses of the Dora Maira range 
and the Gran Paradiso : further, the elongated zone of the Great Saint 
Bernard, in which the recurvation begins; Monte Rosa and, with it, all 
the folds of gneiss characterized by Mesozoic intercalations as far as the 
Simplon ; all the gneiss zones dipping towards thii east as far as the Lime* 
stone mountains of Spliigcu and the green-rocks of Oberhalbstein ; further, 
the region in the south, extending up to the Dinaric Injiindary on the Adda 
(except where a nan-ow East Alpine belt is inserted in front of it); and 
then, finally, the Disgrazia and the lower half of the Poschiavino valley. 

(c) The reenmhent /<>Z<7s, which proceed from the Piedmontese Alps over 
Helvetian territory, and attain a considerable (.‘xt-ensioii as they advance 
to tlic south and nortli of the Mercantour. The part played by tlie Flysch 
in the Dauphind shows that in that region they originate in the inner 
Flysch zone. In the north the largest recuinl)ent folds lie in the Chablais 
and the Freiburg Alps. Their fragmentary remains exk‘nd through Giswyl, 
the Stanzer Horn, and the Mythen, near S<diwyz, the Berglittenstein in the 
Rhine valley, to the Falkniss beyond the Rliine, and, with this, the Ijopon- 
tine rocks, which underlie the wliole of the western boundary of the 
northern half of the East Alps. 

^The Piedmontese Alps make their appearance to the north of the 
Carboniferous zone with a change of character ; green-rocks only appear at 
isolated spots, and tlie Mesozoic series presents a certain resemblance to 
that of the East Alps. Th«j facies is the Brian(;onnais. It fonns compressed 
fascicles of folds, and some of these are inserted obliciuely between the 
alternately arrangerl gnciss-cores of the Mont Blanc zone. At the same time 
there seems to be some approach to the Helvetian facies. The close resem- 
blance of the sediments has attracted attention to the val Ferret, on the oast 
side of Mont Blanc, as a region of roots. The extension of these sediments 
far beyond the Rhine, and the constant occurrence of green-rocks in the top- 
most fold, learl us to suppose that the little patches preserved hero and there 
are the remnants of a onc<* colossal structure, composed of crow’^ded recum- 
bent folds, whicli is now destroyed and for ever withdrawn from our eyes. 

It must be added that the basement, that is, the Helvetian region, 
together with a part of the gneiss-cores of the Mont Blanc zone, have 
unffergone still later movements. 

(d) In the East Alps the place of the Lepontine sheets is taken by the 
Lepontiyie v/indovjs. 

On the upper Inn, the Lepontinh se<liments arc visible, for a distance of 
64 lylorneters, beneath the East Alpine gneiss-masses of the Solvretta on 
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the west, and of Oetz on the east. From the midst of the window, which 
is elongated towards the north- north -east, rises the anticline of the 
Stammerspitz. 

It seems prol)able, although we have no direct proof, that we must 
assign to tlie Lcpontine formations a chain of marble outcrops which makes 
its appearance south of the Ortler, and then, with frequent interrup- 
tions, runs past Laas and the Texel range towards Ratschings on the 
Brenner. A second and similar chain of marl>le comes from Gurgbin Oetz, 
and, crossing the Schiuioberg, reaches a point on the Brenner not very 
far from the first chain. Existing observations, so far as they go, lead us 
to conclude that these two marble zones unite in the Mesozoic frame of the 
window of the Tauern, the length of which is 165 kilometers. This frame 
is Lepontino ; the Tribulaun range forms part of it. It presents limnic 
Carlx)niferous, Trias, Liiis, and Junussic. Towards the interior lie the 
schist mantle and the central gneiss of the Tauern. They have been 
exposed to tangential pressure, and part at least of the schist mantle is 
Trias. The larg(>r cores of the central gneiss arc folded fiat, along with the 
schist mantle, at their ends. 

The Lepontine, frame of the Tauern dips beneath the East Alpine rocks 
which surrcnind it, or is steeply upturned ; to the north-west and west it is 
folded oivtwardvS over the frame of the wuuiow. 

On the east of the Tauern, south of Schhidrning lies a region as yet 
scarcely understood, and then comes a band extending through North Styria 
for 150 kilometers, which is formed of limnic, upper, or middle Carboniferous, 
and dips towards the north beneath the northern half of the East Alpine 
sheet. This long band leads to the Semmeriiig where, along with the 
limnic (.’arboniferous, the Mesozoic rocks of the Tauern reappear. These 
also are inclined to the north. 

Here many questions await solution. The existing state of observation 
shows, liowevor, that the marble band of Lafis luid Ratschings, the window 
of the Tauern, tlie Carboniferous band of North Styria, and the Semmeriiig 
are features which represent in the lietter-knowui regions a lower-lying 
tnomber of the mountains. There are long stretches along wdiich the 
boundary lietween these and tlie East Alpine rocks is not yet marked on 
tlie map, and the pasition of the limnic Carboniferous >vitli regard to the 
Ijopontine Trias is not clear. 

Thes<‘. features arc described os exotic because they occupy less space 
than the East Alpine sheet, but they have actually a better claim than this 
^heet to he regarded as indigenous and autochthonous. 

(e) The Lepontine belt. Between the ^ortliern border of the East Alpine 
vshcet and tlie Flysch elements of an anomalous character crop out. They 
begin as basement patches on the Iller in western Bavaria. On the east, 
**1 upper and lower Austria, the basement patches are associated with 
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an independent succession of strata which is elsewhere unknown in the 
Alps. Its characteristic sub-divisions are a black IJas (Gresten beds), 
accompanied by lignite seams, and a middle Jm-assic series which most 
nearly recalls that of Switzerland. In the upper Jurassic, red Radiolarian 
shales with Aptychus also occur. This succession extends into the suburbs 
of Vienna and is continued into the Pienines (Cai'pathians). 

The Helvetian sheet forms the outer border of the Alps from the Var 
to the Carpatliians. Although the very general inclination of the beds 
towards the interior of the range, and the division into sul)ordinate sheets, 
which is particularly clear in the east of Switzerland, indicate the force 
of the general movement, yet there are some signs, at least in the west, 
which point to a tioding amount of horizontal displacement. In many of 
its characters the facies resembles that of the foreland. 

The zone of Mont Blanc, which is orographically the moat prominent 
part, may be regarded as the remains of the foreland, lying in an obliquely 
arranged series. It includes the great guei.ss-corcs wdiich exteml from the 
Mereantour across the Pelvoux, Belle Donne, Mont Blanc, the Aiguilles 
Ilouge.a, the mass of the Aar, and the St. Gotthard. It terminates on the 
Rhine; to the south the little gneiss masses of Liguryi may perhaps be 
referred to it. 

Between these alternating cores, and at one time extending in part 
beyond them, Helvetian .sedirnenis unite with those of the Brian9onnais- 
These sediments, chiefly limestones, which julvance to the outer border of 
the Mont Blanc zone, gave rise, by their folding and piling up, to the 
high chains of the Bernese Alps, such us the Dents du Midi, Wildstrubcb 
Faulhom, an«l others. They reveal a movement which is later than the 
transport of the Lepontine sheets. 

In eastern Switzerland the Helvetian zone includes the overfold of the 
Glarus, together with the Clun-firsten and Siintis. Here too, however, an 
oblique arrangement occurs, which does not completely com-si^ond with 
the principal strike of the Alps, for wdiile, just east of the Rhine, the 
limestone range of the Santis is accompanied by Flysch on the north and 
south, the northern range disafjpears in Bavaria. Traces of the Santis 
range accompany the north Iwrder of the mountains to beyoml the Isar. 
and only the Fly,sch that lies south of the Santis reaches the Danulie, a.s 
the Austrian Flysch zone, near Vienna. This part of the mountains is 
chiefly formed of the uppermost part of the Cretaceous, with northern 
characters, and lower Tertiary, with southern characters. 

The Gosau beds rest in transgression upon the Limestone zone. They 
have a well-marked .southern character, llieir uppermost member, the 
Inoceramus marl, approximates by its Ammonites to an horizon of the 
t ly.sch. The Cenomanian with Orbitulina is also common to lx>th zones ; 
it often rests in transgression on the fclde«l Trias of the Limestone zone ; in 
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East Tyrol, Flysch-Cretaceous of northern type and lower Tertiary of 
southern typo transgress over parts of the Limestone zone. But the typical 
Gosau beds of southern character have never so far been encountered in the 
Flysch zone. 

OeneraL ohservations. As a conclusion to this brief survey of the Alps 
some disconnected observations of a general nature may find a place. 

1. The series Silurian, Devonian, lower Carboniferous is only represented 
on that part of the Alps which is tectonically the highest, namely the East 
Alps, where it occurs liotli in the northern and southern moieties. It is not 
known either in the Lepontine or the Helvenan mountains ; in place of it 
the fossiliferous series everywhere begins with lininic Carboniferous (flora 
of Schatzlar, or according to some observers of Ottweil). This is the case 
on the Semrnering, in northern Styria and the Taueni, in the great Carbo- 
niferous fan which extemds along the west side of the Great St. Bernhard 
to the Ligurian Alps, also in the Helvetian region on the Tddi and else- 
where. All these parts of the Alps thus bear a close reseniblance to the 
Altaides. No marine representative of the upper Carboniferous or Permian 
occurs anywliere in tln^ Alps. This is the more remarkable since such 
deposits are very j.)vidently pre.sent just beyon<l tlie boundary, in the Carnic 
mountains, the independent l)a8ement of the Dinarides. There in the east, 
Silurian, Devonian, and lower CarlKmiferous are followed by the typical un- 
contormity at the base of the Ottweil stage, which is accompanied l>y marine 
i)eds ; but in the wcsleni part of the Dinarides, as in Ijomhar<ly, fossiliferous 
deposits again begin with lirnnic middle or upper Carboniferous (Manno). 

2. 'File pre-Pennian gneisses and granites of the Alps have assumed 
a great variety of tectonic forms. There are some profoundly denuded 
wliicli completely resemble autochthonous masses (South Styria, Bacher 
mountains, Sau Alps and Kor Alps ; or, occurring as the lowest member in 
the midst of violently distur1)ed mountains, may V)o regarded as autochtho- 
nous (Dora Maira); or again, may be eitlier autochthonous or a very deep- 
lying vault (Gran Parfuliso). Others have offeretl resistanco to the lateral 
pressure and are divided into parallel anticlines, which betray their presence 
by indentiition (flat- folding) at the ends where they run with the strike 
(Mont Blanc, mass of the Aar, core of tlie Hocdialin in tlve Tauern). Yet 
others are the cores of anticHnes (gneiss of Antigorio and Monte l.eone on 
the Simplon). The Dent Blanche again, is to he regardt^d as a flat recum- 
l»ent fold. Finally, we have great sheets completelj’' st>vered fi*om their 
original hiisenient by a thrust-plane. Such is the Selvretta. It is pheno- 
mena of this kind which, as we shall .see later, play an important part in 
fhc Tatra mountains and the eastern Pyrenees. The great height to whic^ 
the overthrust tmvsses have been carried up and their mode of occurrence 
may even lead us to inquire whether tlie cliief roatures in the relief may 
not be older than the overthrusts. 
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While the progress of investigation shows more and more that the slieets 
of Switzerland are elongated recumbent folds, yet no sign of such folding 
or of a plunging sheet have so far been recognized in tlie East Alps. 

3. The Bohemian mass and the pre-Pormiaii foreland disappear in face 
of the Alps. The only explanation possible is that their continuation lies 
beneath the Alps. The gneiss of Stockcrau, which lies just outside the 
border of the Flysch, the character of many Lepontine biisement patches on 
the south border of tlie eastoini Flyscli zone, and the character of the Mont 
Blanc zone all speak in favour of this explanation. On the south side of 
the Alps, opposite the Dinarides, precisely the same (|uestion arises, and the 
only answer is that the continuation of the Alps lies l)eneath the Carnic 
range and the Dinarides. The Carnic basement, however, seems to 
disappear rapidly, towards the west and south-west, at the base of the 
Dinarides ; it is absent in the window of Recoaro (III, p. 352), and also 
from the pre-Permiaii gneiss of the Cima d’Asta; but at none of these 
localities are traces of Alpine formations \ isible beneath the Dinarides. 

At the head of the Dinarides, on the Brenner road, the strike of 
the Alpine ranges follows the outline of this liead, and of the intercalateil 
granite of Brixeri, as though tliese ranges had been moved irresistibly 
fonvards, l>ut the etibet of this thrusting can hardly have extended far 
beyond Sprechenstein. As we have already pointed out, the tonalite girdle 
indicates that the Dinarides never extended very far to the north beyond 
their present limits, an<l this is confirmed by all the other evidence ; but 
we cannot conclude from this that wide-reaching subterranean overthrusts 
do not exist. 


of the Alps to the North- north-east (I, />/>. 187, 216), 

The Limestone Alps disappear on the Baden line of hot springs. The 
inner zones of the Alps and with them, to all appearance, the LiJ[K>ntine 
Limestone zone of the Semmering, strike away, like the Flyscli, to the 
north-east ; but they soon lose themselves in the Rosalien range. This 
range is now no longer bordered by a continuous crystalline zone, but by a 
series of isolated cores. The Flysch zone in the north of the Carpathians, 
which extends with great uni foniiity over diversified foreland, lies opposite 
an extremely irregular lioundary in the south, the irregularities of which 
would be yet more striking if it were not for the apparent continuity 
established by flows of tracliyte and accumulations of a.sh. The irregularity 
is more especially connected wdth thf3 upper basin of the Theiss, which 
encroaches from the south so far into the Carpathiaas, that those mountains 
are represented almost wholly by the Flysch zone. 

A little to the west of this line of division lies the eastern end of the 
TTKyancaias of upper Hungary ^ which extend for 140 kilometers from west 
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to east between the rivers Oran .and Hemad. The towns of Neusohl and 
Kaschau mark the two extremities of the range. It is the only fragment 
of the eastern Carpathians which is comparable in its extent with a part of 
the crystalline inner zone. As regards its structure we are almost wholly 
restricted to older observations, in particular to tliose of Stur ; such facts as 
are known have been collated by Uhlig. It will suffice to mention that a 
Palaeozoic range, in which Carloniferous is represented, runs with a north- 
easterly strike and cuts off that part of th6 crystalline rocks situated eiist 
of Dobschau ; that the whole of the north border of the mountains is 
accompanied by Trias and Jurassic in their Alpine develoinnent ; that these 
with strikingly Hat bedding (Murany plateau) penetrate deep into the 
region of the ancient rock, and are present with equally flat bedding in 
the south (Bilk range) b 

To the north and west of the mountains of upper Hungary rise isolated 
cores of gneiss and granite, generally extending along the strike, accom- 
panied l)y Trias and Jurassic, and surrounded by Tertiary beds. The 
Loitha mountains and the Little Carp.athians are the fli*st of these. They 
are succeeded hy the inowee (left bank of the river VVaag), the Tribec (left 
bank of the Neintra), the Sucha and Mala Magura, the Zjar (the water-shed 
l)etween tlie rivers Neutra and Dunajec), and other lieights. The most 
consi<leral)le of these i.solate<l masses is the Hoke Taira, north of the 
mountains of upper Hungary. It is elongated from east to west, 50 kilo- 
meters in length, about 15 kilometers in bremlth, and some of its summits 
exceed 2,600 meters. This is the highest part of the Carpathians, 

The history of the tectonic interpretation of the Tatra resembles that 
of the fold of CJlarus; Iw^th are the result of the comparative method. 
First of all, the actual facts were established witli all the precision possible. 
So exact was tlie description that a geologist personally unfamiliar with 
the country was able to suggest new ideas and new transverse sections. 
The first observer then confirmed the new theory from the abundance of 
his local knowledge. 

The first phase of this jirocess is illustrated by Uhlig s monograph, which 
represents the Hohe Tatra as a block of gneiss and ancient granite, liearing 
on the upper parts of its northern side an incomplete series, known as the 
high Tatrian series. This is of Alpine character, with some indications of 
sublitoral origin ; and it is folded towards the north. On tlie lower parts 
of the northern slope, the high Tatrian series is adjoined hy a second and 
much more complete succession of Alpine sediments, the suh-Talrian series. 
Its folds dip steeply to the north. 

The same contrast between the less complete high Tatrian and the more 
complete sub-Tatrian series was observed by Uhlig in other isolated 


' V. Uhlig, Bau and Bild, pp. 690'-708. 



204 POSTHUMOUS ALTAIDES [paktv 

mountain masses. The conclusion he drew was that each of these masses 
is an ancient island, that the high Tatrian series was its natural covering, 
that the sub-Tatrian series was formed at greater depths in the sea, and, 
further, that the sub-Tatrian folds dipping to the north on the northern 
side of the Tatra had been forced up against this mountain from north 
to south K 

So complete was the work accomplished in the first phase, that in 
the second phase M. Lugeon, without having seen the Carpathians, and 
basing his conclusions on observations made in the Western Alps, ventured 
on the bold assertion that tlie sub-Tatrian folds, inclined to the north on 
the northern side of the Tatra, hail not been urged against it from the 
north, but were carried from the south, over the mass of the Tatra, as 
an independent sheet. Thus, the islands become windows, and a uniform 
movement to the north dominates the whole range 

This view was adopted by Limanowski, who, however, added the state- 
ment that a Fh\sch sheet of Dinaric origin had crosstnl the Tatra from the 
.south, along with the Klippen lying in front of it in the north \ 

Finally, the thinl phase is distinguished ]>y Uhlig's later descriptions, 
which cover the greater pai-t of the Carpathians, Here Lr.geon’s theory as 
to the overthrusting of the suli-Tatrian sheet is adopted ; the claim of 
Dinaric influence in this I’egion is dismissed, l»ut traces of the Dinaric facies 
as revealed by Loezy's and Arthaber a studies are admitted to exist in a 
more southerly region, the Jlittelgebirge of Hungary. Lugeon left the 
position of the gneiss and granite mass of the Tatra an open question ; 
Uhlig regards it iis supernatant 

Taking these results as our basis, wm? will now start from the south side 
of the Tatra, and, gradually extending our field of view, attempt to give a 
general survey of the Carpathian region. 

The Kiedere Tatra^ a range of hills striking east and west, which is 
regarded as a western paH of the range of upper Hungary, is lx)rdered on 

* V, Uhlig, Geologie des Tatra-Gebirges, Denkschr, k. Akad. Wiss. Wien, 1H97, LXIV, 
pp. 643'- 084, and 18t)9, LXVJJI, pp. 43 -180, map.s ; in the west, Heitrag zur Geologie des 
Tatra-Kriwan Gebirges, op. cit., 1902, LXXJI, pp. 519-561, map. 

* M. Lugeon, Analogie entre les Carpathes et les AlpeB, C. R. Aead. Sci. Paris, Nov, 17, 
1902, and Les Nappes de recouvrement de la Tatra et Torigine des Klippes des Carpathes, 
hull. I^b. Geol. Univ. Lausanne, 1903, no. 4, 51 pp. 

^ M. Lima,nowski, Sur la dr'couverte d'un laniboau de recouvrement subtatrien dans 
la region bauttatrienne de Gltulkie (M. Tatra), Bull. Intern. Acad. Sci. Cracovie, Mar, 7, 
1004, pp. 197 “199 (also in the Polish language); Blick auf den Ban der Karpathen, 
Kosmo:<. (Lemberg), 19C5, XXX, pp. 253-340 (Polish); Sur la genesc des Klippes des 
Carpathes, Bull. Soc. geoJ. France, 1900, 4*^ ser., VI, pp. 151-164. 

^ bhlig, lleher die Tektonik der Karpathen, Sitzb. k. Aka<]. Wiss. Wien, 1907, CXVL 
pp. ^71-981, map ; for Dinaric traces in the Hungarian Mittelgffbirge, G. von Arthaber, 
Die Alpine Trias den mediterranen Gebietes (Freeh, Letfaaea Geognostica, II, I), 
Stiitigart. 1006, pp. 432 -434. 
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its north side by the sub-Tatrian series; this is followed by vSub-Tatrian 
Flysch, which forms the broad plain, covered far and wide with glacier 
fl^bris and extending up to the south foot of the Hohe Tatra. 

The south slope and all the summits of the Hohe Tatra are formed of 
crystalline rocks. On the north side these are covered at considerable 
heights l)y t}i6 high Tatrian series. They share a common folding towards 
the north. Upper Cretaceous marl occurs wedged in. 

These rocks are, in fact, overridden from the south by the sub-Tatrian 
sheet, which, inclined to the north, now forms the lower parts of the 
northern slope. Precisely similar relations are repeated in many others 
of the isolated mountain cores, so that the sub-Tatrian series forms a sliect 
widely extemled over tiic inner parts of the western Carpathians, inter- 
rupted and broken through by the frequent outcropping of the high Tatrian 
slieet, which is tectonically lower, but as a rule orograpliically higher. 
For tliis reason Uhlig compares the high Tatrian sheet with that of tlie 
Tauern, and tlie sub-Tatrian sheet with the East Alpine sheet in the Alps. 

North of the Tatra we cross lower Tertiary of moderate l>readth, 
dipping to the south, and reach' that remarkable series of Klippen which 
forms the Pieuii^e zone. It appears in the landscape as a chain of rocky 
fantastic isolated hills, which emerge in long stretches from the verdant 
land of Flysch or Cretaceous soil. Coming from Moldavia it surrounds the 
west Carpathians in a broad are, rises from the midst of the trachytes north 
of the Thtiiss, and extends far into the east Carpathians. Its length 
amounts to at least 560 kilometers. In the south-west it probably extends 
into the city of Vienna and into the Alps b 

The stratified succession ranges from Trias dolomite through an 
extremely diversified scries into the Neocomian: hut throughout this 
central region tlie beds, instead of forming regular vsheets one over the 
other, are disposed in numerous flakes, from 10 kilometers aiul more, down 
to a few meters iu length, generally elongated in the direction of the strike, 
and prol)al>ly also arranged in groups; two tliffcrent facies of the Jurassic 
seoiu to occur side by side. One of these includes many stages and is rich 
in fossils ; the otlier consi.sts of shales with Poddonia nlpina aial cherty 
limestone witli Radiolaria, as well as Aptyclnis and Tithonian fossils in 
some places, and in others Neocomian fossils. 

Thes(i Hakes eiiclostul in upper Cretaceous l>eds of sandy marl, over 
which the movement took place. Vast and general it must have been, and 
Europe can offer few landscapes more surprising than this chain of rugged 
rocks, extending to right ami to left far beyond the range of vision, and 


* A catalo^,nie of the abundant; literature on this subject is to bo found in V. Uhlig, 
pieninischc Klippcnzug, Jahrb. k. k. geol. RcicluMinst., 1890, XL, pp. 559- 824 *, for 
the more recent theory in particular, Tektonik dcr Knrpathen, p. 913. 
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facing the traveller who approaches the Hohc Tatra frain the north like a 
gigantic fence. 

The general inclination in the Klippen is towards the south, i.e., towards 
tlie high mountains. Lugeon regarded them, in Uhlig'a words, as a ‘ surging 
frontal region and left it an open question whether they were connected 
with the sheets of the Tatra or were the advancing heads of one or more 
independent sheets. Uhlig holds the latter view. Consequently his trans- 
verse section shows the Pienino (fossiliferous Jurassic and Neocomian) and 
sub-Pienine (chert) sheet cropping out from beneath the Hohe Tatra, and 
thus the mountain itself becomes a supernatant fragment. 

Throughout the region of the Alps the black Gresten beds, with their 
characteristic Brachiopods, are confined to the narrow belt between the 
Limestone zone and the Flysch. In the Carpatliians, traces of these beds 
are found on various tectonic horizons. They are associated with Jurassic 
Radiolarian rocks only in the Pieuine zone, and tliis fact, along with their 
similar disposition, justifies Uhlig's correlation of the Carpathian Klippen 
with the outcrops of St. Veit in Vienna. 

The broad Flysch zone makes its appearance here outside the Pienine, 
just as it does outside tlie East Alps. The work of the Iniperiiil Geological 
Institute of Vienna, and that of the local geologists in Galicia, have 
pi’ovided us with a mass of observations. But the vast extent and densely 
wooded character of the region, the rarity of fossils, and the similarity of 
the sediments rendered it impossible to arrive at any general conception 
of the structure till after laborious investigation and many fluctuations 
of opinion. Here again we follow Uhlig b 

Two zones may be distinguished, formed in part of sediments of the 
same age, but with a different facies ; both dip towards the south. The 
inner zone is Uhlig's Bei<kidian zone, the Magura sandstone is its most 
important member. Proceeding towards the north we cross Tertiary beds, 
beneath these upper Cretaceous and then lower Cretaceous, wliich rest on 
Tertiary beds of the outer zone. The lower Cretaceous does not occur over 
any considerable area except in the north-west, chiefly in Silesia. It is 
traversed by sills of Teschenite, which are, however, older than tlie over- 
thrust, and are not exposed on the thrust-plane itself. Along with the lower 
Cretaceous great boulders of its Jurassic I>asement also occur ; here too we 
must refer the rocks of Stramberg. The Jurassic is different from that of 
tlie Tatra and tlie Pienine : .many characters appear here which recall the 
foreland. To this zone we must also as.sign loose fragments of Carboni- 
ferous, blocks of granite and gneiss and, with them, the oft-mentioned 
gigantic Carboniferous fragment of Huj^topetsch 


’ "V. I hlig, Tektonik der Karpathen, pp, 877 ot seq. 

‘ 1>. Stur, Jahrb. k. k. geol, Keichsaiiefe., 1891, XLI, pp. 1-10. 
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The northern margin of this lower Cretaceous exposure is the northern 
margin of the Beskidian zone. Owing to its superposition on the Tertiary 
of the outer zone it is broken up into patches by erosion, and close to its 
edge the coal -bearing Carboniferous has been reached by borings made 
through the outer zone ^ (I, p. 187). In Moravia the Beskidian zone comes 
into contact by its foothills with the offshoots of the Flysch zone of lower 
Austria, and it may be regarded as the direct continuation of the Helvetian 
Alps towards Iloumania. 

Outside of this zone lies IJhlig's auh-Beskidian z^me. Upper Cretaceous 
and lower Tertiary occur, but the characteristic beds are the menelite 
shales. Here, bcsi<Ie numerous V)locks of Tithonian beds, the previously-men- 
tioned basement patches crop out, along with other remains of the Variscan, 
Bussian, and Cimmerian foreland. The numerous borings for petroleum, 
often sunk to a depth of 900 or 1,000 meters, give full information as to the 
lie of the beds ; in fact, w(i could hardly find in the whole of Europe a 
clearer description of an outer border, undisturbed by a foreland, than that 
given by Grzybowski and Miaezynski of tlie ozokerite district of Boryslav 
A mass of upper Cretaceous, dipping to the south, has been carried along a 
tlirust-plane, witlj arnaximiiin inclination of 45'" to the soutli,over a packet 
of iniihlle (and perhaps lower) Tt^rtiary I>ods, which dips in folds steeply to 
the south and ascends along a second gentler thrust-plane on to the thick 
Oligocenc beds of Dobrotov (sandstone and shales) and the overlying 
Miocene saliferous clay. 

I'hrec flakes are thus present, of which that situatod towards the north 
is the lowest-lying, though formed of the youngest beds. The convergence 
of the thrust-planes shows that the middle flake must terminate downwar<ls 
and toAvards the south in a Avedge-like forn) ; as a consequence of the pres- 
sure exerted on the foremost and most northerl}?^ flake a broad anticline of 
saliferous clay and Dobrotov beds has been formed within it. A boring 
through tlie Dobrotov beds did not reacli their base at a depth of 
KOOO meters. They dip beneath the higher flakes, and the anticline 
they form is not followed by a syncline (cf. Chap. IV). 

These results are in complete accord Avith those obtained from a study 
of the anticline of the SAviss Molasse. That anticline also is the result of a 
general lateral pressure coming from the high ranges, and again, according 
to Arnold Heim's observations and in opposition to older vicAvs, no syncline 

* I have visiited «uch a locality near Paskau, south of Milhrinjjcn-Ost rau. A hirg^o, thinly 
wooded of lower Cretaceous stands out, and only a few huiulrod paces from its slope, 
covered with tesehenito debris, lies the borehole. Petnischek states that, the coal- 
bearinf» Carboniferou.s was reached after boring through a thickness of 400 meters of 
Uortiary) beds, Verb. k. k. geol. Reichsanst., 1900, ]). 

^ Oeologischcr Atlas Galiziens, published by the Physiographical commisaion of the 
Academy of Cracow. Text to sheet Drohohyez by W. Szajnocha, %T. Grzybowski, and 

Miaezynski, 1906 ; in ]>articiilar the sections by Grzybowski and Miaezynski on sheet 6. 
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follows the anticline towards the mountains, but the south limb of the 
anticline (as far as it is possible to judge) passes straight beneath the first 
Alpine chains^. 

Uhlig supposes that the movements in the Carpathians were directed 
obliquely from below ; he mentions laminated sheets, the splitting up of 
gently ascending thrust-planes, and the absence of roots. All these state- 
ments agree wdth the facts revealed by the l)orings in Boryslav. 

The Carpathians, like the Alps, are built up of sheets ; but, as in the 
Alps, and especially the 'raueni, many facts seem to indicate that a 
secondary folding up of tlie several masses, such as Tatra, Tatra-Krivan, 
and others must have taken place. 

The Helvetian sheet extends from the Alps into the region of the 
Carpathians, the middle and upper Cretaceous alike indicate a northern 
influence, and this extends even into the Tatra ; typical Gosau beds do not 
make their appearance till we proceed further towards the south. 

The Lepontine group undergoes raotlifications, in particular by the 
introduction of a new member, the Pienine, which is already visible in the 
East Alps. In respect to its tectonic position, the high Tatrian zone 
resembles the bods of the Tauern. t 

The same is true of the sub-Tatriau zone and the East Alpine sheet. 
Each of these is the highest tectonic member in its own region. I’here are 
also a number of accessory characters by which they are united; thus, in 
the eastern parts of the East Alps several smaller outcrops of augite 
melaphyre occur; these are repeate<l in the little Carpathians and more 
to the east. 

The diversity of the Ejist Alpine sheet itself demands further study. 
But we already perceive that, in spite of such striking and remote isopy, 
several sheets undergo alteration in the region between the West Alps and 
the Carpathians, and that when we come to sulxlivide the Lepontine gtoup 
it will be necessary to avoid limits of too .strict a nature. 

The trend-line of the East Carpathians is clearly marked by the curve 
of its outer border and by the strike of the long gnei.ss-inass of Moldavia. 
There is abundant evidence to .show that the stmeture of this mass 
resembles that of the East Carpathian.s, but we will not enter into further 
details here, since .so many have alretwly Iwen given in Chapter I, ass, for 
instance, the occurrence of increasingly younger fold.s on the outer Vjorder, 
the window of the Paring, the toraion, the pre- Permian patche.s within the 
Balkans, and the open recent folding of the eastern Balkan which recalls a 
free end. 

’ Arnold Heim, Brandling der Alpen am NagoKluh-Gcbirge, Vierteljalirsscbft nat..,Ge8. 
Zarioii, HiOf), LL pp. 441 et euq. 
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Continuation of tJie Alps towards the south and south-vjest. 

(I. p. 219.) 

The existence of subsidences in Tuscany, and at the same time the 
original continuity of the Tyrrhenian islands off* its coast, was long ago 
discovered by the insight of Italian observers such as Brocchi, and particu- 
larly Savi and Cocchi. In their time this view was based chiefly on the 
occurrence of the Pliocene. In 1872 a conjecture was hazarded that the 
whole of the Tyrrhenian sea was a subsidence, and that wdthin it lay 
the tectonic continuation of the Alps At a later time the seismic 
phenomena in Calabria were regarded as indicating a continuation of the 
process of subsidence (I, p. 232, fig. 26). 

Many facts have already been mentioned with regard to the region 
in ((Uestion, for instance, the reappearance of the Piedmontese Alps in 
north-east Corsica, the north-and-south strike in Elba, and Steinmann’s 
theory of a great ovcrtlmist. At Spezia the meridional direction of Genoa 
is already replaced by the general south-easterly direction of the Apennines. 
This is also the prevalent direction in the intensely folded Apuan Alps. 
Lotti has shown ^hat their south-easterly continuation, Monte Pisano, 
4 kilometers in breadth, consists of a flat anticline of Lias, over the whole 
hroadth of which there rests, with the same curvature, a sheet of upper 
I'rias, Rhaetic, Lias, Oolites, and Neocomian, so that throughout the moun- 
tain TVias is found resting on Lias Lotti has also shown that the green 
rocks of Monte Argentario belong to the Trias, as I)e Stefani had previously 
alfirmed, and that the rocks of the Apuan Alps, of the Montagnuola of 
Siena, of Monte Argentario, and the island of Giglio show indeed complete 
correspondence 

Thus, a range of rocks of Alpine character occupies the whole breadth 
of the sea from Corsica to Orbetello. It is, neverttielcss, separated from 
the main range of the Apennines by the ancient rocks which make their 
appearance in the so-called Catena inetallifera, near Gavorrano, Campiglia, 
ami other localities. 

In the east of the Apennines the normal direction to the south-east is 
Jiot always maintained. Between Spoleto and Rieti a noi-th-and*south 
strike prevails, with overfoldirig towards the east. Near Spoleto, according 
to Ix)tti‘s statements, a platform of lower Lias, about 250 meters thick, 
T' kilometers long, and 5 kilometei's broad, rests on the Senonian Scaglia 

^ lleber den Bau der italienisclien Halbinsel, Sitzb. k. Akad. Wiss. Wien, Ls72, LXV, 
]>}». 217-221. 

' H. Lotti, Boll, R. Com. geol. ital., 1905, XXXVI, p. 50. 

’ R. Lotti, Sulla eta delle roccie ofioliticlic del Capo Argentario, Boll. R. Com. geol. 
kat. 1905, XXXVI, pp. 177-181. 

* R. Lotti, l)i un caso di riciioprimento presso Spoleto, Boll. R. Com. geol. ital., 1905, 
XXXVI, pp. 42 et seq., 190d, XXXVH. pp. U et scq. and 280 et seq. 

<iOLl.AI|| IV P 
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Tliis meridional strike in Umbria, and certain features in the structure of 
Tunis le<i Haug to draw trend-lines from the Sabine mountains obliquely 
across the Tyrrhenian sea towards Cape Bon and Bis^rta, thereby excluding 
tlie Bavsilicata, Calabria, and Sicily^. Although tlie meridional direction 
can l>e traced towards the south, almost dow'n to Tivoli, yet it con only be 
regarded as exceptional, for normal south-easterly cliains occur both on the 
west and on the east, and further south the Monti Lepini strike to the 
south-east across Haugs hypothetical trend-lines. 

It is possible that the older rocks of the Catena Metallifera have not 
been without some effect in producing the deflexion in the Sabine range. 
They do not behave, however, as an obstructing foreland, for the easterly- 
lying Uml)rian chains are folded towards the east, and Lotti even believes 
that the Catena Metallifera affords evidence of a strike which was originally 
more meridional, and lias since been afrecte<l by the general strike to the 
south-east 

Let us now proceed a good waj” further south. 

On the west side of the gulf of Tarento the lower course of the river 
Crati broadens out into the wide plain of Sybaris. It thus separates the 
bold Trias range of Lagonegro, together with the Cretaceous and Eocene 
zone, which lies in front of it on the e{ist, from the crystalline mountaiiiH 
of Calabria. The river Sinni cuts through the Cretaceous and Eocene 
zone. Not very far from Latronico it receives the Frida rivulet, and here 
Viola has found in the miflst of the fohled formations a considerable 
exposure of crystalline schist, including amphibolites. A distance of at 
least 50 kiloinetei's separates this locality from the crj^stallino rocks of 
the Sila 

Between the locality just mentioned and the Tyrrluuiian sea rise the 
Trias mountains of Lagonegro. The lower Trias is absent. According to 
De I^iOrenzo the range is closely folded, and in part overturned to the east ; 
jx)ssibly it is danirncd back by the crystalline rocks of the Frida. The 
strike is north and south. Lias rests uncoil formably against the Main 
dolomite. The Cretaceous and Eocene extend in a second unconformity 
over the whole structure. De Lorenzo points out that the upper beds do 
not present the north-and-south strike of the Tria.s, but the nonnal south- 
east strike of the Apennines, so that a twofold strike exists here. ^ 

Baldacci and Viola have published an in.structivo account of the manner 
in which these Trias limestones and dolomites, according to their estimate 

* E. Haug, Sur quelques pointe theoretiques relatifs k la geologic <le la Tunisic, Assoc. 
Fruno. pour rAvancement des Sciences, Congresde Saint-fltiennc, 1897, pp. J{06- 376. 

^ It. Considex-azioni sinteticlje sulla orografia e sulla geologia della Catena 

msiamiVTa, Doll. R. Com. geol. ital., 1892, XXIII, pp. 55-71. 

C. Viola, Coinunicazione pndiminare sopra un terreno cristallino in Basilicata^ 
Boll R. Com. geol. ital., 1892, XXIII, pp. 244-246. 
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some 3,000 meters thick, we inserted into strucldre of the Apennines. 
The Trias runs te the north through Paterno, Padula, and Marsiconuovo, 
then through the province of Potonza, diverging only a little to the north- 
north-west, and reaches the mountains of San Fele, not far from the outer 
l)order of the Apennines, south of Monte Vulture. Towards the north the 
direction becomes nortfi-west, then turns almost due west, and the Trias 
reaches the proximal end of the peninsula of Sorrento, north of Salerno, 
and in the direction of Amalfi, the innermost part of the gulf also. A 
curvilinear trend-line is thus revealed, which runs approximately from 
Castrovillari on the Crati towards San Fele and thence to Salerno. Baldacci 
and Viola speak of it as the Ty rrhenian semicircle 

The most northerly part has been described by De Lorenzo. Long 
before this is reacheil, and while still within the region of the north- 
westerly strike, the south side of the Trias is affected by great longitudinal 
dislocations, which tlirow down the inner side of the arc in step faults, 
while its outer surface is inclined towards Monte Vulture, i. e. towards the 
north-east. Within the folded Eocene Flysch rises the volcano ; the Flysch 
is afiected by the stop faults. Similar step faults appear to accompany the 
whole westeni lialjj of the Semicircle on its southern side, and have been 
recognized in particular to the north of Salerno and in the peninsula of 
Sorrento, llovereto disputes their presence in Capri (and in part also 
in the peninsula) atul suggests another structure — in the case of Capri, 
successive overthrust sheets 

‘ Of the numerous works on this aul)ject we will only mention : for the north, P. Bas- 
fcuni, Sui fossili e suIP etii drgli schisti bitumiiiOhi di Monte Pettino, Mem. Soc. Ital. Sci. 
(N;ip.>li;^1892, XL. 27 pp., anti Fossili nella Dolomite triasica del dintorno di 
Merciito San Severino, Atti Acevid. Nap., 1893, 2*^ ser., V, no. 9, 15 pp. ; Bavssani e de 
I-oreuxo, Per hi goologia della peninsula di Sorrento, Atti U. Acc. Lincei, Rendic., 1893, 
5’^ ser., U, pj>. 202,203 ; A. Galdieri, Osservazioui geologiche sui Monti Picentiui. op. cit., 
1907, r)'*- 5t(3r,, V, pp. 529 534 ; for the s^outh, 0. de liOrenzo, Trias del Dintorno di Lago- 
’ negro, Atti II. Ace. Lincei, 1S92, 2'^ ser,, V, no. 8, 48 pp. ; I Monti mesozoici di Lago- 
n<igro, op. cit,, 1894, 2“ ser., VI, no. 15, 125 pp., map ; O^sservazioni geologiche neb 
I’Appcnnino della Basilicata ineridionale, op. cit., 1895, 2“ ser., VII, no. 8, 31 pp. ; and in 
particular Guida geologica in Boll. Soc. geol, ital., 1898, XVII, pp. 170-195, map, and 
8tudiodi gcologia nelF Appennino ineridionale, op, cit.. 1890, 2^ ser., VIII, no. 7, 128 pp., 
and Geologiae gcografia fiska delF Italia ineridionale, 1904, 8vo, Bari, 241 pp. ; Bittner, 
Ihachiop^en dcr Trias von Lagon(?gro, Jahrb. k. k. geol. Keidis., 1894, XLIV, pp. 583- 
588, ami BOse anti Lorenzo, Geologische Beobachtungen in der sudlichen Basilicata und 
Jem nordwestlichen Calabrien, op. cit., 1896, XLVI, pp, 235-268. For the whole region 
baldacci e Viola, SuH’ esten-sione del Trias in Basilicata e sulla tettonica generale deb 
^’Appermino meridionale, Boll. It, Com. geol. ital., 1894, pp. 372-390; E. Cortese, 
be;:.crizione geologica della Calabria, Mem, descr. Carta geol. Italia, 1895, IX, 310 pp., 
iwap. and G. Di-Stefani, Osservazioni geologiche nella Calabria sottentrionale e nel 
^b’condario di Rossano, 1904, op. cit., appendix to vol. IX, 119 pp. ; also the geological 
‘‘‘ap on the swile 1 : 100,000. 

‘ G.de Lorenzo, Studio geologico del Monte Vulture, Mem. Acc. Nap., 1900, 2** ser., X, 
1, 207 pp., map, in particular p. 37 ct seq. ; further, E. BOse, Contribuzioni alia 
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It is not ceitain whether the Trias range terminates with the Semicircle. 
The next trace of the Apennines, revealed beyond the volcanos of Naples, 
is the isolated Monte Massico in the plain of Volturno. It consists of 
Cretaceous limestone and beneath it lies the Main dolomite with Gervillia 
exiiis ^ The substructure of the volcanic Ponza islands is visible on the 
north side of Zannone, the most northerly of the group ; the Main dolo- 
mite with Gervillia exUis again makes its appearance, and at the same 
time serieitic shales, which belong to the Trias, and some Eocene In the 
Lepini mountains Cretaceous limestone predominates ; the very prominent 
cape of Circe is an isolated rock of Liius with a patch of Eocene 

Calabria (I, p. J219). Soutli of the lower com\se of the Crati lies a 
land which in its outer configuration differs greatly from the Apennines. 
Broad valleys filled with comparatively recent marine depovsits separate the 
hills, which thus present an appearance of great independence. The upper 
Crati divides the broad mass of the Sila in the east from the long and 
narrow mass of the Catena litorale (Monte Cocuzzo) in the west. Beyond 
the sources of the Crati, near Martirano and Nicastro, the east and west 
unite. The neck of land between the gulfs of Squillace and of Santa 
Eufemia separates northern from southern Calabria. In the south the 
elongated Serra runs to the south-south-west and unites witli the Aspro- 
raonte. The valley of the Mesima cuts it off on tlie west from the little 
Vaticano mass (Monte Poro), and the strait of Messina separates the 
Aspromonte from its natural continuation, the Peloritan range in Sicily. 

Cortese distinguishes the following sub-divisions in the crystalline 
series. Ancient hornblende gneiss and mica-schist form the Aspromonte 
and the adjacent part of the Peloritan mountains iind are restricted 
to this region. These are followed by a thick mass of various phyllites, 
which towards the summit sometimes present intercalations of augen- 
gneiss or transitions to serieitic or talcose schist. Over these lies an 
extensive mass of garnet-bearing gneiss, for the most part true kinzigite, 
quite similar to that of Ivrea ; associated with it is a garnet- bearing schist. 
Finally a large quantity of granite is exposed. It breaks through the 
lower rocks in numerous dykes and spreads out over the surface. At two 
localities tonalite makes its appearance and occupies a slightly larger area ; 

j’cologia della Peninsula di Sorrento, op. cit., 1896, 2* ser., VIll, no. 8, 18 pp., and ii(>se 
and de Lorenzo, Zar Geologic der Monti Picentini bei Neape), Zeiinchr. deutsch. geol. 

1896, XLVIII, pp, 202 -215 ; G. Rovereto, L'lsola di Capri, Atti Soc. ligust. Genova, 
1907, XVIII, pp. 22-25 ; on the other hand, de Lorenzo, Atti R, Acc. Lincei, Kendic., 1907, 
XVI, pp. 853 -857. 

M. Cassetti, Osservazionigeologiche sul Mt. Maasico presao ScBsa Aurunca, Roll. Com. 
geol. itah, 1894, XXV, pp. 160-166. 

^ A. Galdieri, Oaservazioni sui terreni sedimentarii di Zannone, Rendic. R. Ace, Sci. 
hapoli, Feb. 18, 1905, 3 pp., map. 

^ C Viola. II Monte Circeo, Boll. R. Com. geoL ital. 1896, XXVII, pp. 161-171, map. 



CALABRIA 


CH. Vl] 


213 


diorite and dykes of porphyry occur. The granite covers almost the whole 
Serra and a considerable part of the Vatican mass Mention is also 
made of the Sila, but according to Fucini’s observations the foregoing sub- 
division does not apply to it. The oldest rock is granite ; this is covered 
by phyllite and some gneiss ; then follows a schist which resembles the 
Carboniferous of Monte Pisano and the Alps \ 

In the north, where the garnet gneiss of the Catena litorale dips beneath 
the Trias, there lies, beneath it and above the phyllite, a green schist which 
has been produced from diabase. Serpentines make their appearance in 
several places, and in some isolated localities their resemblance to the Pietre 
verdi of the Alps is so striking that Lovisato regarded them as a continuation 
of the green-rocks of tlie Alps 

The difference between this substructure and other parts of the 
Apennines, though remarkable, is not more so than the difference in the 
distrilnition of the sediments. 

Phyllite, kinzigite, and green schists form the greater part of the Catena 
litorale ; this range, as we have seen above, extends as far as the Trias 
inountixins to the north, which it reaches near Santa Agata on the Esaro. 
A fragment of bJack limestone, completely separated from these ranges, 
occurs on the coast near Cetraro. A much larger fragment, about 8 kilo- 
meters in length, very narrow, consisting, as it wouhl appear, of horizontal 
hods, and probably over 200 meters thick, crowns the whole crest of Monte 
Cocuzzo (1,542 meters) and dominates the country far and wide. Other 
smaller patches extend southwards to Malito (w^est-south-west of Rogliano), 
5() kilometers from Santa Agata; this limeskme is characterized by the 
presence of Megalodon and Diplopora 

The great southern slope of the Trias recedes from Santa Agata towards 
tile north-ca‘^t as far as Castro villari, and then disappears beneath the 
("retaceous. In front of tlio slope the plain becomes Ijroader, and 10 kilo- 
tiKitors to the south-east of Oastrovillari two isolated bosses of Trias rise 
mit of it ; for a distance of 10 kilometers along the southern border of the 
plain the ancient phyllites, forming the foothills of the Sila, crop out. 


' E. Coriesc, Descrizione geologica della Calabria, Mum. descr. Carta Italia, 
|>. et seq. 

‘ A. Fucini, Studio geologico buI circondario di Rossano, Atti Acc. Gioen.Catauia, 1896. 
IX, No. 17, 87 pp., map ; in particular p. 5 et seq. On the schist which is assigned to the 
kinzigite in the north-western part of the Sila : L. Busatti, Atti Soc. tosc. sci. nat. Pisa, 
Iboc.-verb.. 1891-1893, VIII, March 5, 1893. pp. 202-208. 

' D. Lovisato, Cenni geognostici e geologici sulla Calabria settentrionale, Boll. R. Coni, 
gcol, ital., 1878, IX, p. 155 and continuations, in particular 1879, X, pp. 39 and 137 ; 
I'recisely the same views in Novarese, Boll. Soc. geol. ital., 1906. XXV, p. 179. 

^ 0. V. Rath, Geognostisch-geographische Bemcrkiingen iiber Calabrien, Zeitschr. 
fleutsch, gool, Gcs., 1873, XXV, pp, 150-209, in particular p. 159 ; E. Cortese, Descri* 
zione geologica della Calabria, Mem. descr. Carta geol. Italia, p. 219. 
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Here the Crati, as it makes its bend between Terranova and Spezzano- 
Albanese, cuts through another patch of limestone. In 1871 I visited 
this spot in the company of my decease<I friend G. von Rath. We found 
Crinoids, which left us in no doubt that this patcli was an outlier 
of the great limestone cliffs which rise in full Alpine splendour on the 
north side of the Crati valley. Lovisato and Fucini have expressed the 
same opinion. The fonner adds that the limestone of Terranova rests on 
mica schist or green schist, but is not defined from them by any sharp 
boundary. Repeated alternation occurs ; then come beds of cippoline and 
other rocks. A very similar account is given l)y Fucini *. 

As far as existing observations extend this is the last trace of Trias on 
the Cmti. 

We have already mentioned that the gi*anite of the Sila is regarded as 
older than the associated schists. These rocks arc overlain, south of 
Rossano, on the Ionian slope, by several patclies of fossiliferoiis Mesozoic 
strata. Thej^ have been described by Fucini, Greco, ami di Stefano*-^. 

The most important of them is a long patch of Lias, 17-18 kilometers 
in length, resting partly on granite, partly on schist, and elongated towards 
the south-east. On its west border lies liongobiico. On the (^ast it rests, 
according to the map (1 : 100,000), on granite at tlie lx)ttom of tlie Trionto 
valley, at a height of 300 meters al>ove the sea, and at its w(^stern border 
it attains a height of 1,481 meters on Monte Palepito; not far away the 
granite reaches a height of 1,431 meters. As it ascends the Lias exhibits 
folding. Taken as a whole it would seem to form a syncline open towards 
the east. Its lowest sul>division consi.sts of an accumulation of boulders 
and pebbles, with beds of Siiml and traces of j)lants‘\ It pavsses upwards 
into lower Lias limestones ; tlie T)ud<llo Lias is but poorly represented, the 
upper Lias, on the other hand, is of very wide extent, and in places 
overlaps on to granite. 

To the north, as far as the neighbourhood of tlie town of Rossaiio, 
a series of different and smaller, sometimes indeed very small patches, set 
in. At one fjiacc the remains of a bed containing lUiyruonf^lfn Clesiatia 
rests on ancient schist. There are three small patches of reddish limestone, 


’ G. V. Rath, op. cit., p. lf)7, D. hovisato, Boll. Com. ital,, 1871). X, p. 3^1 et seq. ; 
A. Fucini, Atti Acc. Gioen. Catania, 18%, IX, No. 17, pp. 18 21. On the map, 1 : 100,000, 
this limestone is represented as Archaean. 

^ A. Fucini, op. oit. ; Greco, in particular Li<a8 inferiore nel circondario di Ilossano, 
8vo, Pisa, 1803, 128 pp. ; Sulla presenza della oolite inferiore nello vicinanze di Rossano 
Calahro, Atti Soc. lose. sci. nat., Proc.-verb., 1895, IX, March 3, 6 pp. ; and II Lias anpe- 
riore nel circondario di Rossano Calabro, Boll. Soc. ital,, 1890, XV, pp. 92-121 ; 
the resultrs me combined in Di-8tefano, Osservazioni geolo^iche, etc., Mem. descr. Carta 
geol. ItaliiL 1004, pp. 93-119. 

M. Canavan, Con gl o rn e rati arena rii e quartziti liasiche di Puntadura, Atti Soc. tosc. 

Froc. verb., 1891-1893, VIII, 15 Nov. 1891, pp. 13, 14. 
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likewise resting on schist and containing the fauna of the stage of San 
Vigilio with intermingled fragments of the basement rocks. Two small 
patches of Aptychus limestone (Tithonian) rest partly on this reddish 
limestone and partly on granite. 

The middle Eocene Nummulitic beds lie on the various stages men- 
tioned above. Following the coast they form a fairly long but interrupted 
zone striking to the south-east. These beds also begin with a basement 
conglomerate ^ 

Thus we reach the following conclusions the Trias is absent. All the 
other stages are autochthonous, as is shown by the repeated basement con- 
glomerates. Sila was a rocky shallow or island from the time of the lower 
IJas, but it has nevertheless been affected by folding. 

There is no evidence that the Trias patches of the Catena litorale and 
Terranova are autochthonous. 

The Eocene belt on the Ionian coiist disappears, becomes visiWe again 
from Giro onwards, and disappears again beneath the broad plain of 
Catrone, wdiich extends to the gulf of Sijuillace and the constricted part of 
the peninsula. Here, near Catanzaro, in the so-called little Sila, and as far 
as the west coast, Ahere is scarcely anything more striking than the diver- 
sity of the cryvStalline limestones which occur in intimate ass(Xiiatiou with 
diorite, granite, or kinzigite. The penetration of eruptive rock into the 
stratified and intensely folded limestone or calc schist may l>e seen beauti- 
fully illustrated on tlie road from Cataiiziiro to Tiriolo. Strings of garnets 
accompany the l>edding planes. 

All these limestones are generally regarded as Archaean, but we con- 
tinually meet with expressions of doubt. Ix)visato says that he could 
neither assert uor deny that the upper beds belong to the Trias. Cortese 
admits tliat ho hail believed them to bo younger, possibly Permian, and 
has only assigned them to the Archaean on account of their crystalline 
grain and intimate association with garnetiferous schist 

(Jomiiig fi’oin the west coast near Amantea the groups of rocks whicli 
include the crystalline liino.stones are surmounted by a number of scsittered 
crags of white limestone, among them the wcll-know’n rock of Tiriolo on 
tlnj summit of tlie pass of Catunzaro, ElUpsactineac and corals are found 
in their further continuation to the south, likewise Nerineae. They have 
been assigned to the upper Junissic, more recently to the Cretaceous, 
and thus enalile us to fix at least an upper limit to tlic age of the 
crystixlline limestones. 

' bhStefano, Osservazioni geologicUe, etc., Mem. descr. Carta geol Italia, 1904, p. 114. 

* D. Lovisato, Cenni geognostichi, etc., Boll. Com. geol. it al., 1S78, IX, pp. 226, 228; 
h, CortcBe, Dcscrizione geologicadella Calabria, Mem. tleser. Carta geol. Italia, 1895, IX, 
l>. 226; Pucini, Studio geologico, etc., Atti Ace. Gioeri. Catania, 1806, IX, No. 17, p. 20 ; 
for the minerals of the limestone in the kinzigite, V. Novarese, Calcan cristallini e calcefiri 
Arcaico calabrese, Boll. R. Com. geol. itiil., 1893, XXIV, pp. 17-43. 
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Those younger limestones unite to form isolated and fairly long ranges, 
and they surround in a girdle, one evidently continuous, the east of the 
Asproraonte. Along with some Cenomanian of African type, and Flysch 
of upper Eocene and Oligocene age, they form a belt fi*om Stilo onwards ; 
its beds in several places dip steeply towards the Ionian sea, and are 
probably folded also. The white limestones of Jurassic or Cretaceous age 
extend nearly up to cape Spartivento, while the Flysch surrounds 
the whole southern part of the peninsula as far as cape d'Ariui and 
beyond itb 

Sicily. In considering the north-ejist part of the island we will follow 
Di Stefano and Corteae^. The ancient formations which strike across 
from Calabria are covered unconfonnably by the ‘ Strati di All *, a series 
comprising quartzite, violet schist, and jasper alternating with brown 
limestone ; cellular limestone with gypsum is alsr) mentioned ; grey, thinly 
stratified limestone forms the capo di Ali. The relations of this series 
to the next cannot be determined. 

The second and more southerly series l>cgins with a deep red con- 
glomerate very similar in character to the Ilothliegendo, which, also, rests 
unconfonnably upon tlie ancient formations. Towards its upper part 
it passes through sandy marls into beds of limestone and some dolomite, 
which contain in abundance Gastropods characteristic of the lower Lias 
of Palermo. Al:»ovc, dolomite occurs in rocky masses and this series may 
reach a thicknesvS of 200 metiers; over this follow beds with a rich marine 
fauna whicli still belongs to the lower Lias. 

The middle Lias, but little developed, consists of grey Crinoidal lime- 
stone with species of tlie Tlierlatz facies. 

The upper Lias may attain a thickness of 300 meters or more ; the 
lower part is formed of Leptaena l)eds, the upper of stratified limestone 
and fluhen marl with lUUlocera^ hifrons. The Middle Jurassic Ls repre- 
sented by the stage of San Vigilio, and beds containing Ithyimmella 
Clefdana&ml Rhyncxmella Vigilii; locally a bed with Harp(M:enis (ypcdinum 

^ Erdbeben des atidlichen Italien. Denkschr. k. Akad. Wis^. Wien, 187.>, XXXIV, 
pp. 1-82 ; L. Burgerstein und F, Noe,Geologische Beobachtungen im sttdlichen Calabrien, 
Bitzl). k. Akad. VViss. Wien, 1880, LXXXI, pp. 154-173, map ; Ha^sani e de Ljrenzo, II 
Monte Consolino di Stilo, Atti Acc. Napoli, 1804, 2® sen, VI, No. 8, 0 pp. Also the recent 
studies of Cortese and Di-Stefano mentioned above. 

* Di-Stefano e Cortese, Guida geologic;a doi dintorni di Taormina, Boll. Soc. geol. 
dal., 1891, X, pp. 107-246. This series differs considerably from that which I have 
myself described (e. g, Erdbeben dea siidlichen Italian, p. 6, also in this work, I, p. 219) in 
accordance with the older views of Sicilian geologists ; on these views Baldacci’s more 
detailed Descrizione geologica dell’ Lola di Sicilia (Mem. descr. Carta geol. Italia, 1886, 1, 
403 pp.) and the special map, 1 : 100,000, are based. The changed standpoint is chiefly 
due to Di-Bhefano. The dolomite is now assigned to the lower Luis. It is true that there 
are 4iU iserious tectonic difficulties (Guida geologica in Boll. Boc. geol. ital. 1898, XVII, 
p. 46). 
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or Pomdonia alpina may be met with. Then follow the Alpine Klaus 
beds with RUy'twonella Berchta, various stages of the upper Jurassic up to 
the Tithonian and finally Cretaceous and Tertiary. 

This series is generally admitted to correspond in a very striking 
manner with that of Rossano on the north-east side of the Sila. The 
intercalation of dolomite in the lower Lias fonns the most important 
difference, but here as there the whole of the Trias is absent, except in 
so far as the betls of the Ali may represent some trace of it. Here as 
there also transgressions of the upper Lias occur, and the Tithonian 
encroaches in like manner upon a variety of underlying formations. 
Cretaceous and Tertiary also overlap on to the ancient rocks. We must 
point out that on the northern slope, near Castroreale above Barcelona, 
Seguenza discovered another fragment of the African Cenomanian with 
Odraea ^cyjyfatx lying between the lower Tertiary and gneiss. 

Towards tlie middle of the island the Trias, divisible into numerous 
zones, makes its appearance from beneath the Lias, and at one locality 
on the river Sosio, in the south part of the province of Palermo, marine 
Permian also occurs. Tlie comprehensive studies of O. G. Gernmelaro show' 
tliat there is ntt boundary iu Sicily between the Dinaric and Alpine 
facies. The marine Pennian (Trogkofel beds, III, p* 349) is a very 
characteristic ineml.)er of the Dinarides and approaches close to the 
bouiulaiy of the Alps, but has never yet been encountered in those moun- 
tains. In Sicily it appears beside the typical Hallstatt beds of the Alps, as 
represented, for example, by the fauna of the zone of Travhyceras aonokles}- 

The Ixjils of Sosio arc the oldest nxik outside the Peloritan belt, but the 
whole island is underlain by Mesozoic beds, Trias also makes its appear- 
ance to the south-west of Aetna, and Jlarpoceruif opaiinum occurs in the 
extreme west near Trapani, The Trias strikes out from the Madonian 
islands along the north coast towanls the w'est; a second branch crosses 
the middle of the province of Palermo and extends in a numl)er of isolated 
outcrops as far as Monte San Calogoro di Sciacca on the south coast. With 
regard to the structure there is a dirterence of opinion. Lugeon and 
Argand as.surac a great overthrust, extending from the north across the 
w'est of Sicily to the south coast, and they conjecture that the crystalline 
masses of Calabria have also been overthrust. Di-Stefano disputes the 
existence of such great movements. A decision can only be reached as the 
result of further investigations 


* 0, G. Gernmelaro, T^a fauna dei Calcari con Fuf«ulina dolla Valle del fiurae Sosio, 4to, 
I’alenno, 1887, 338 pp. ; I Ccfalopodi del Trias superiore della regione occidentale della 
Sicilia, Giorn. Soc. Sci. nat. e econoin. Palermo, 1904, XXXIV. pp. 1-319; in particular 
Jiote to p. 25. 

* M. Lugeon et E, Argand, Sur de grands phenoinenos de charriage en Sicile ; Sur la 
grande nappe de recouvrement en Sicile ; La racine de la nappe sicilienne et Pare de 
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Indications exist which point to the existence of a down-thrown 
granitic country. It was long since observed that blocks of granite, 
syenite, poi*phyry, and other rocks are scattered in great numbers over the 
Apennines, and Capellini supposed that the subsided Tyrrhenius was their 
original home. In Umbria they are small where they occur in the Flysch, 
their head quarters are the middle Miocene. In isolated localities they are 
also accompanied by Trias and green-rocks, and by rocks which range up 
to the Eocene. A. d’Ossat concluded that the boulders on Monte Deruto 
(not far from Foligno) were derived from the Catena metallifera — that is, 
from localities 60 to 100 kilometers away, and in 1900 he suggested that 
they might be the remains of sheets like the foreign pebbles of the Swiss 
Molasse 

Deecke, who had become familiar with them furtlier south, in the 
neighbourhood of Monte Vulture, did not doubt that they had been fieri ved 
from the west. Balilacci and Viola encountered these erratics in so great a 
quantity to the north of the bay of Policastro, and also on the opposite 
side of the great Trias range of Lagonegi*o, that they ijil'errod the existence 
of two branches of crystalline rocks proceeding from Calalu ia ; the existence 
of the eastern branch seems to be confirmed by the outcrops on the Frida 
At Fuscaldo (north of Paolo) G. von Rath has descril)ed a conglomerate 
about lot) meters thick, lying beneath inclined Tertiary bods ; it consists 
of blocks of a foreign granitite sometimes over a meter in <Hameter; tliis 
again recalls the Nagclflue of the Rigi 

Worthy of note is the instance described by Cortese of pebbles beneath 
the Miocene gypvsuin, e. g. near Geraee in east Calabria and near Garistoppa 
(north of CVltanisetta) in the middle of Sicily A number of similar 
accumulations which occur in east Calabria are doubtless only ancient and 
local torrent deposits. The examples we have citcfl arf* sufticient for our 
purpose, and lend support to the view that a great irK)imtain range, in part 
granitic, at one time existed in the west of the peninsula \ 


charriage fie la Calabre, C. R. Acad. Sci, Pans, 23 avr., 30 avr., 14 mai 1906; G. Di- 
Stefano, 1 pretesi grand! fenorneni di carreggiamento in Sicilia, Atti R. Acc. Lincci, 
Rendic., 3 e 14 marao 1907, pp. 258-271, 375-38L 
^ A. d’Osaat, I Ciottoli esotici ?iel Miocene del Monte Deinila, Atti K. Acc. Lincei, 
Rendic., 1900, IX, pp. 384- 391, X, [p. 40-44 ; Roct^ati records siuular factn in the Apen- 
nines of Bologna, Boll. .Soc. geoJ, ital, 1904, XXIII, pp. 409-418. 

“ W. Deecke, Die sogenannten ‘ erratischen Granite * in Apulien und der Biudlicala, N. b 
f. 1891, II, pp. 49-61, Baldacci e Viola, Boll. R. Coni. geoJ. ital, 1894, pp. 372- 390. 
^ (t. V. Riith, Geognostisch-geologische Bemerkungen iiV.^er Calabiien, p. 162. 

* Biddacci, Descrizione gcologica dell’ laola di Sicilia (Mem. descr. Carta geol. Italia, 

18^6, Ij, p. 266. 


® De ole fan i, df3 Lorenzo, and Di-Stefano deny the presence of a subBidence in the Tyr- 
riemaa sea, and in xiaH also the unilateral structure of the Apennines ; the last-named 
au.,iiCu pyrites in great detail in Mem. descr. Carta geol. Italia, 1904, App. to voi. 
pp. 8 > 92. On the other hand Nicotiu attempts to determine the details in connexion 
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Thus we seem to have evidence of the existence of two distinct 
elements. 

The first is an Alpine range, the manifold continuation of the Alps, 
striking down from north-east Corsica, Elba, and the Argentario ; its 
eastern part is the Apennines. To this the foreign granites belong, the 
Trias of Ijagonegro and Sicily, and the Trias of the Catena litorale which 
takes the form of outrunners or is thrust forward in recumbent sheets. 

The second element is represented by Calabria, along with the north- 
cast of Sicily. This is not a true foreland, l)ut seems to occupy a similar 
position in the Apennines, though on a grand scale, to that of the Catena 
metiillifera,or that of the Mouthoumet mass in front of the Pyrenees, which 
will be descril>cd later. This element is certainly surrounded hy a part of 
the Apennine folds. 

In Sicily itself two regions may be distinguished, one in the north-east 
corresponding with Rossano, in which the fossiliferous series Ijcgins with 
autochthonous lower Lias, and a second, comprising all tlie rest of the 
island, in which the series is probably complete from tljc marine Permian 
upwards. 

77/e This range, turned towards the south, 

repeats the stnicture of the Apennines (I, p. 221). The first zone is 
volcanic, and lies partly on islands ; the second is characterized by masses 
of gneiss and ancient schist, it forms peninsulas and follows the coast; to 
the south of it we encounter long folds of sedimentary formations which 
<‘xtGnd as far as the Sahara, 

Slid) are the parts viewed as a whole. But if we enter into details we 
perceive a number of divergent and very important features. In particular 
the gneiss masses liave already disappeared oti the east before rejiehing 
IJona, and inner folded ranges strike in long geiitle arcs east-north-east and 
nortli-east to the sea. Finally a complete bend is made in Tunis, whereby 
all tl)e coulisses pius.sing through Fcrriana turn gra<lually out of the east- 
north-east into the north-east direction ; they form series of brachyanti- 
cliruis, accompanied by longitudinal fractures which strike to the north- 
north-east tlirough Zagonan and re^ich the bay of Tunis. This is shown 
in particular l)y Pervint|uiere/s sketch of the trend-lines of Tunis ^ 

We will choose the Tell of (3ran, of which we have a clear account by 

with Hiihfeidence in fniguients, Come aiasi fatta Tltalia, Mem. Acc. Zelant Aoi Reale, 1905. 

ser., IV, pp. 51 ?2. The literature on zoological distribution which deals with this 
cubji'ct cannot be discussed here. 

' L. Pervinquicre, l^itudc gcologique de la Tunisie centrab?, 4to, Paris, 190d, 359 pp., 
luaps ; in particular p. 33(i. Baltzer also perceived that tho chains strike in the direction 
ot the gulf of Tunis; Beitrag zur Kenntniss des tunesischcri Atlas, N. J, t, Min., 1893, 11, 
1>- 27 and 1895, 1, p, 105. 
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Gentil as illustrating in a particularly instructive manner the questions 
we are dealing with here. The Tell of Oran tegins in the region of the 
Ti’aras, west of the river Tafna, strikes, with frequent interruptions, 
towards the north-east, is separated by the Sebclia from the interior of 
the country, and sinks beneath the sea between the town of Oran and 
cape Falcon. 

The Traras mountains are a mass of ancient schist elongated towards 
the north-eiist and broken through by a granite l)Oss (granite of Nedroma). 
On this schist a ferruginous conglomerate rests unconformably, and upon 
this the thick limestone of the Lias, then other stages of the Lias up to the 
zone of Hihloceras bifrons, next shales with Pmidonia alpimxi, and finally 
the Oxfordian. Thus far the resemblance with the series of Tjiormina and 
Rossano is unmistakeablo. 

In the Jebel Skouna the same series crops out from beneath basalts; 
further to the north-eiist it forms isolated hills, l)ecomes vi8il)le beneath 
the lavas and breccias of the recent volcano of Tifaionin, and finally reaches 
the gulf of Oran in the long folds of the Sahel irOran, 

The total length of the Tell of Oran amounts to 120 kilometers. In 
isolated localities we find between the Lias and the ancient schist a gj^psi- 
ferous variegated marl with platey limestone. It represents the Trias. 
Again on the soutli-west side of the Traras, resting for the greater part on 
the granite of Nedroma, is an iiccuniulation of blocks over 200 meters in 
thickness; the blocks are imbedded in dark red sandstone, and some 
l>eds of similar sandstone occur without blocks ; tills is the puddingstone 
of the Beni Menir. To the north-east of the Traras, on the other side of 
the river Tafna, near Kef el Golea, Gentil encountered this red deposit of 
Beni Menir beneath the gyimferoue TrioH, Thus it adnally represents the 
Rothliegende, and must l>e distinguished from tlie basement conglomerate 
of the Lias. Probably the red conglomerates associated with violet shales, 
which occur at cape Falcon and the Lowenberg near Oran, are also of 
Permian age (I, p. 225). It seems likely that a further continuation of 
the Tell occui's in cape Ferrat. 

Much further to the north-north-east, in the mountain mass of Milianah 
(south of Cherchel) Gentil has observed, not only the deposit of Ben Menir, 
the violet shales of cape Falcon, and al)Ove them the gypsiferous Trias, but 
porphyrites also^. The ancient schists are also present, and in the mountain 
range of Blidah, wliich forms the eastern continuation of the mass of 
M ilianah, the Lias limestone rests, according to Ficheur, directly upon them 

‘ L. Gentil, Esquissc stratigraphique et pfitrogniphique dii Baesin de la Tafna, 8vo, 
Alger, 1V»02, r>SC pp., maps. 

' L. Gentil, op. cit., pp. 84, 97. 

, Lea Plisaernents au Maasif de Blide, Bull. Soc. geol. Fnince, 1896, 3® ser*? 

XXIY, pp. 982-1041, in particular p. 985. It is certainly remarkable that organic 
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From these facts— the nature of the deposit of Beni Menir, the presence 
of the porphyrites, the discordant superposition upon ancient schist, and 
the covering of Trias gypsum — it is clear that in this region we again are 
in presence of the Rothliegende of the Great Atlas, the highest summits of 
which consist in part of Permian porphyrite. The ancient schists of the 
Tell of Oran, of Milianah and Blidah are thus, along with the granite of 
Nedroma, parts of the Altaides, and are incorporated with the younger 
folds like the zone of mont Blanc with the Alps. 

This again raises the ((uestion of the significance of the violet shales 
and the traces of gypsum, trifling though these are, which in north-east 
Sicily rest directly upon the Peloritan mountains and are known as the 
‘ beds of Ali *. How <lifficult it often is to establish the presence of Trias 
is shown by the fact that many experienced observers either barely 
admitted or wholly failed to recognize the existence of Trias in Algeria, 
even as late iis the year 1890, notwithstanding the fact that it is 
spread out over the whole land, and even the great shotts derive their 
salt from it^. 

The Trias of this region consists, as we have seen, of variegated marl 
with gypsum, anhydrite, and salt, also of rauchwacke and platey limestone. 
In the latter Myoiioria valyaru and GervlUia of the German 

Muschelkalk w'erc found near Constantine, and M. Bertrand pointed out 
its complete identity with the Trias of Provence‘S. From another locality 
Mytihis psllonoli is mentioned. In central Tunis Pervinquiere found 
Myophori: Goldfwsi and Odrea Montis mpriHs, The gypsiferous marls, 
liowever, like the Trias of the Jura mountains and the Salt range of the 
eastern Limestone Alps, have been involved to so great an extent in 
inountain inoveinent that they are frequently rolled out or mylonitized, 
and the Flatten limestone can only be recognized as kneaded-in sherds. 
They also seem to possess a tendency, as the result either of the \velling-up 
of the anliydrite, or perhaps of lateral pressure, to force their way upwards 
in isolated dislocations and to drag their surroundings up with them. 


R’laiiins have never been found in these shales, while lower Carboniferous is known right 
into the south-westerly continuation of the mountains of Tlemcen, and, according to 
Ocntil, possibly as the northern continuation of the Jebel Bechar ; (lentil, C. R. Acad. 
•Sci. Paris, 24 f^vr. 1908, p. 428. 

* As, for example, A. PoniePs otherwise iulmirable Explication de la seconde edition 
de la Carte geologiquo provisionmdle cle PAlg^nie au 1:800,000, 4to, Alger, 1890, 217 pp. ; 
appended : J, Curie et (I. Flamand, £tude succincte sur les roches ta-uptives, 101 pp. 
No details are known with regaixl to the traces of Ainmonitides and Walchia, or the 
trunks of conifers, which Jordan, Cocpiand, and other older observers mention as occurring 
the coast of Oran, and especially the LOwenberg; cf. PoineJ, op. cit., pp. 11-14. 

" M. Bertrand, Bull. Soc. geol. Fitince, 1896, 3® sdr., XXIV, p. 1184; J. Blayac et 
h Oentil, Le Trios dans la Region de Souk-Aliras, op. cit., 1897, 3® ser., XXV, pp. 523 - 
‘^> 48 . 
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Perhaps this is the reason why massive salt deposits and many masses of 
gypsum were Ibng regarded as eruptive ^ . 

In the distorted gypsiferous marls are alien blocks which may be 
some metera in size. Sillirnanite and gM-net-bearing gneisses, granulites 
and mica-syenites are also known to occur in sitii in the substructure, and 
may be transported basement patches. At the same time, however, a great 
variety of intrusive rocks make their appearance. Gentil, who paid 
particular attention to this subject, mentions ophite (chiefly diabase with 
ophitic structure), diorite, quartz diorite, dipyre diorite and gabbro, and 
believes that they are all derived from a common source. They are in 
every instance intrusive, almost without exception broken up by tectonic 
movements, and often kneaded up with the gypsiferous bed into a breccia. 
Since they have produced contact alteration, giving rise for example to 
albite, tourmaline and, in the limestone, to dipyre, they are more recent 
than the Trias, and according to Goiitil are either Jurassic or Cretaceous % 
The ophites liave l»een met with from Morocco to Tunis throughout the 
whole of the Mediterranean Atlas. 

It is scarcely iiecessiiry to point out the corrc8ix)ndence of these blocks 
with those in the saline be<is of the eastern Limestone AlpvS, or to the 
connexion between diorite, (]uartz diorite, and gabbro in Ivrea. The 
sillirnanite gneiss, garnet gneiss, and cordierite gneiss, which belong in 
Oran to the basement formations, appear to play tijere a part similar to 
that of the kinzigite in Calabria and the neighbourhood of Ivrea. - 

If we travel from England to the Alps in a south-easterly direction, 
we start from a region in which the whole of the Trias is represented 
by a salt-bearing series <>f sandstones and clays, not easily divided into 
horizons. It is not till we reach the horsts on the Rhine that the Muschel- 
kalk is intercalated and we reach the Germanic type of the Trias (II, p. 258). 
In the Rhaetic perio<^l a positive movement l)egan ; it persisted with oscilla- 
tions during the Lias ; a long way to the north, as in Skye, far beyond the 
region of the Trias, the Lias still maintains its marine character (II, p. 270). 
The whole western region of the Mediterranean, from the Var and all 
around as far as Tunis, is occupied, with the exception of the Balearic isles 
and the lower Ebro, by the Germanic development of the Trias, more or 
less impoverished. Traces of it have also been observed in Sardinia, where 
it is chiefly represent(?d by lagoon clays with gypsum, and limestone with 

' Termier supposes that in Tunis great overthrusts occurred over the Trhis; there i« 
sorae difference of opinion as to their extent ; Sur Ics phenomenes de recouvrement du 
Djehol Oiienza (Constantine) et sur Texistence de nappes charrieea en Tunisie, C. R- 
Acad. H(‘a. Faria, 9 juil). 1906, also in de Liunay, Lea richesses mineniles d’Afrique, 8vo, 
1908, p. 841. 

^ L. Oontil, Ksquisse stratigraphique et petrographique du Bassin do la Tafna, 8vo, 
Alger, 1902, p. 210 et seq., pp. 274, 275 ; also Curie et Flaniand, fitude succincte sur lea 
rochCiJ cruptives. 
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Myophoria. The positive movement, persisting since the Rhaetic age, has 
however led to the deposition of the Lias upon it all around "the area. The 
gradual advance of the Trias with the Rhaetic stage, followed by that 
of the Lias along the west side of the Central plateau, has already been 
mentioned on p. 42. 

It is not till we arrive at the other aide of this broad margin, and the 
other side of the Jura mountains and the Helvetian Alps, that we reach 
the pure pelagic sediments of the Tethys in the PiedmontCvSe and Eastern 
Alps, the Dinarides and Sicily. 

With these results the remains of the Altaides in the Tell of Oran near 
Milianah and elsewdiere, and the superposition of the Lias, are in complete 
accordance. But tliis is also true of the occurrences in north-east Sicily 
and the north-east Si la. A fragment of the A lta ides, or at lead a broad 
elevated is inserted in Calabria between the southern Apennines and 
the Dinar ides. 

This enclosure of the western Mediterranean by tlie Germanic Trias 
rendi‘rs completely untenable the ancient notion that in Germany the 
Germanic Trias was cut off from the Alpine Trias by a long range of 
(Vindelician) mountains, — 

From the bu-mination of the Pcloritan mountains near Taormina to the 
f mergence of the African Albiides near Figig there is no sharply marked 
frame, and the platform of the Sahara forms the foreland of the Medi- 
terranean Atlas in a manner which recalls the Russian platform between 
the ilowntlirown Cimmerian fragments and the first of the Sudetic remnants 
on the river San. 

This fact affects the arrangement of the folds of the Mediterranean Atlas. 

These folds are not parallel. The Tell of Oi\aii strikes almost to the 
east-north-east, and its probable continuations in cape Ferrat and in the 
masses of Milianah and Blidah maintain the same direction into the moun- 
tains to the south of the town of Algid'S. They extend to the south of the 
gneisses of the coast. In the much broader range which succeeds on 
the south lu) rocks are exposed, according to existing observations, of 
greater age than the Trias. The Cretaceous prerlominates. It forms broad 
folded ranges, separated by the depressions of the shotte. They begin in 
Iho south with a direction more nearly east and west, and proceed in a very 
broad arc to E. 30" N., or emerge direct from the desert witli a strike 
of E. 30^ N. 

1^he most southerly parts of the range arc often termed the Sahara 
Atlas ; they are not, liowever, a continuous range, but consist of the ends 
of alternating coulisses, comparable in some degree with the east border of 
the Rocky mountains. 

Near Figig the southern boundary of the MediteiTanean Atlas is 
marked by the Jebel Melias (p. 98) overfolded towards the south. It is 
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true that from this point onwards the range of the Ksour, and then the 
Jebel Amour, rise above the broad desert as a steep straight wall (I, p, 226), 
but near Laghouat they recede from the desert with a strike to E. 30® N. 
towards the interior of the mountains. Beyond Laghouat a continuous 
south border occurs only in places. One after another tlie parallel coulisses 
leave the desert with a strike to E. 30® N. and enter the mountains. The 
best known is the Jebel bou Kahil. A number of them unite within the 
mountains to form the mighty Jebel Aoiires. The desert now extends 
more towards the north ; and between the ends of the coulisses, fairly far 
to the north, lies Biskra. From this place onwards it becomes increasingly 
clear that the several coulisses start in a west-and-east direction before 
they assume the strike to E. 30® N. From the Jel)el Checlian onwards the 
desert gradually recedes again towards the south, and in southern Tunis 
the east-and-west direction becomes more prominent. In particular a con- 
tinuous Cretaceous anticline runs from Negrine towards Gafsa : Cretaceous 
chains striking east and west accompany the shott Djerid and Fedjedj, and 
may still be recognized in Gat^es (II, p. 365) 

In many of the coulis.ses from Figig to the shott-el-Fedjedj, the gypsi- 
ferous marls, and with them the ophites, crop out beneath Cretaceous or 
Jurassic 

In fact the folding of the Mediterranean Atlas was tounded by the 
frame whicli e.xtends a.s far as Figig. The Jebel Amour is the last great 
coulisse which emerges from the frame ; all the coulisses wliich succeed to 
the east of Laghouat lie outside the Jebel Amour and are not continued 
towanls the west. The oute.rmost and last coulisses are those wdiioh strike 
due east towards Gabes. It is a group lying more towards the interior 
which reaches Tunis with a strike to north-north-east. Hence we perceive 
that the whole of the east coast of Tunis as far as Gabes is occupied by the 
spui-s of the Atlas. 

We are now confronted by a prolJem which cannot at present be 
definitely solved, partly in consequence of the vast regions covered by the 
sea, and partly on account of the ina<le(|uato results as yet funiished by 
investigation. 

That the trend lines nni as a whole from the Apennines to the Atlas 
is universally admitted. Hang, however, points out that the facies of the 
sediments is not the .same in Africa as in Sicily, and also that the north- 

* In connexion with the earlier description we have here made use of the more recent 
account by Holland, Chciuin de Fer Tranesaharien, Geologic du Sahara Alg^rien, 4to, 
Parifs, 1H90, pp. 14-29, PJ. IV, and the map of the Geological Survey 1:800,000. Mueb 
repet ition was found necensary in order to make the connexion clear. Tlie Heveral chains, 
which bear the general name of Jebel Tebaga, run from Gabes towards the west and enter 
the. Shott el- Djerid, forming a x^en insula, Idoux, Ann. geogr., 1902, XI, x). 4^19. 

^ In particular P. Thomas, Recherches sur quclques rochea ophitiques du Sud de la 
TunUic, Bulb Soc. geol. France, 1891, ner., XIX, pp. 430-472. 
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north-easterly direction characteristic of Tunis is opposed to that which 
predominates in Sicily. The difference of the facies may be explained by 
supposing that the overthrust sheet of Sicily, assumed by Lugeon and 
Argand, did not reach Africa.. The difference in direction i.s said to be 
caused by a syntaxis between Sicily and Africa, with the reentrant angle 
situated in the neighbourhood of the volcanic islands of Pantellaria and 
Linosa 

These hypotheses are correct as far as the facts are concerned, but the 
problem is scarcely so simple. 

The contrast between the facies of Sicily and Africa certainly exists, 
but a well-marked African facies also occurs in Rossano, and both facies 
are met with in Sicily itself. Fiu’ther, the distinction is confined to the 
marine Permian and the Trifis. In the Lias it has already almost com- 
pletely disappeared. Thus it happens that Zittel, for instance, was able to 
point to the existence near Constantine of the particular horizon of the 
*grey limestones’ of South Tyrol, which is also of frequent occurrence in 
the Apennines; attention may also be drawn to the remarkable resem- 
blance of the Tithonian as met with in Jebel Ressars, near Tunis, to that of 
Sicily; near Constantino the great Inoceramiis Salishiinjemis (here up to 
50 cm.), which in the East Alps is a.ssociated with tlie northern sediments, 
makes its appearance in the Flyscli, along wdth IiMernmas Crispi and 
other species^. 

The strike in the northcni part of Tunis would be consistent with the 
presence of a syntaxis, but not so the open character of the folds, and 
in soutliorn Tunis even the strike is scarcely concordant. As regards the 
w**steru part of Sicily it is <liffio\ilt to discover any definite direction®. The 
direction of the autochthonous beds concealed by the overthrust sheet 
would be decisive on this point, but such beds are wdiolly unknown. 

On the other hand the diversified form of the foreland has evidently 
iielped to determine the structure. The more elevated position of the sub- 
structure ha.s caused eitlujr the complete al)sence of Trias or its development 
in lag(X)ns. On the platoiu of the Sahara the folding of tlie Atlas becomes 

^ E. Haug, Sur les relations tectoniqiies et stratigraphiquesdo la Sieile ot de la Tunisie, 
E. H. Acad. Sci. Paris. 14 mai 1906; also Bull. Soc. geol. France. 1906, 4® scr., VI, 
i*p. 355. 356. 

K. A. Zittel, Bull. Soc. geol. France. l-^96, 3® ser., XXIV, pp. 1175, llSl ot sc(|, 

* In the extreme west of Sicily, near Trapani, a strike to the north-east prevails in the 
Trias and .hirassic, and also in the Aegaean isles. Levanzo and Marittimo (?) ; south of 
these localities, however, an east-and-west strike sets in from Corleono onwards, and this 
direction is maintained in Favignaiia. the largest of the Aegaean isles (Baldacci, G., De- 
ficrizione geologica delP Tsola di Sicilia, p. 185 et seq.). A series of shallows (Sylvia, 
13 m.. Hecate — 7 meters, and others) appears to continue the direction to the west and 
a little south towards Galita ; but the accounts of this island are contradictory (I, p. 221. 
•uid note 3). 
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gentler, spreads out and dies away, and the connexions are concealed by tlie 
sea. Above all, it is necessary to determine whether the pelagic Trias of 
Sicily does in fact occur only as a sheet. Further, what is the significance 
of the Trias on Monte Cocuzzo and near Terranova, and finally, whether the 
Trias of Lagonegro breaks off in the south or swerves towards the west. 

At present we are able to distinguish — 

1. Regions in which the substructure is unknown, and the series begins 

with Perviian, followed by pelagic Trias (west and centre of Sicily 

as far as Monte Judica. south of Aetna). 

2. RcgioiLs in which the substructure is known or unknown, and ttie 
series begins witli Rothliegende or gypsiferous Trias and Germanic Mnsrhel- 
hall\ or with a basement conglomerate of the lovjcr Lias (Mediterranean 
Atlas, north-east Sicily, north-east Sila). 

3. Regions in whieli the marine series begins with the middle Jurassic 
and rests on extra-marine Upper Carboniferous, and this again on a known 
su bstnic ture ( Corsa n 1 inia). 

4. Regions in w'hich a known substructure bears a series beginning 
with the Ceaoinaaian (Sahara, Poloritan gneiss in part). 

At the same time the fii'st marine horizon in any given case (perhaps 
with the exception of the Muschelkalk) extends over all the preceding 
regions, thus the Lias of 2 also extends over 1, the Dogger of 3 over 1 and 
2, the Cenomanian of 4 over 1, 2, and 3. 

It is not inipossible that in this arrangement some signs of the ancient 
isohypses may be perceived. In proportion as we succeed in increasing 
the area over which such comparisons can be made we may be able to 
render them ixjore independent of tectonic changes. 

The Betic Cordillera, There is no difference of opinion as I'Cgards the 
further course of the trend lines. All travellers, who of late years have 
visited the Rif and the surrounding regions, have remarked on the regu- 
larity of the arc described by the Mediterranean Atlas in its course to 
Gibraltar. The rook of Gibraltar, hitherto believed to belong to the 
Oolites, is now regarded as Lias 

With respect to the Betic Cordillera we may refer to Vol. I, p. 247, 
The direction of the folding force has once more completely changed ; it 
is now directed towards the north ; the foreland, represented by the Sierra 
Morena, lies to the north ; the volcanos on the south. The comprehensive 
accounts of French investigators, published after the earthquake of 1884^, 
show that the lofty masses of the south, from the Sierra de Ronta to 
the Sieira Nevada, possess the same constitution as the Tell of Oran. 
These, too, are mighty ridges of ancient schist, on which here and there 

* Bull. Soc. geol. France, 1892, 3^* eer., XX, p. 9. 

® Mii.sion crAndalouftie. Etudes relatives au tremblement de terre du 25 d^*o. 

4to, i’aris, 1889, 772 pp., maps. 
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a patch of Rothliegende is preserved. They are thus parts of the 
Altaides. 

On their north side the Germanic Trias broadens out and here its 
subdivisions appear to be most clearly distinguished; the Bunter sand- 
stone, is present, Muschelkalk with GerviUia aocialis and other charac- 
teristic fossils, and Keuper, represented by variegated gypsiferous clay 
with Myophoria vesUia. On their south side thick dolomitic limestones 
make their appearance, and in the Sierra Almijera Barrois found in them 
some beds tilled with the smaller forms of Megalodonta This fact has 
led to the suggestion that the great schist mountains actually mark the 
boundary l)ctwoon the pelagic ami the lagoon facies of the Trias. 

These investigations Imve also given rise to the theory that the 
inner zones of the Cordilleras arc traversed by three great flaw-like 
dislocations, striking to the north-west. The first is supposed to pass 
through Malaga ; the second through Motril and the maximum point of 
the seismic area, near Zafarraya ; and the third from cabo di Gata towards 
Guadix 

Many instructive facts are atibrded by the north side, and particularly 
by the so-called sub-Betic Cordillera. 

Nickles found tliat the folds of Jaen are continued without inter- 
ruption as far as cabo do la Nao, a distance of more than 350 kilometers, 
and tliat overthrusts towards the north may be recognized over at least 
the half of this tract 

We will now attempt to follow the description given by R. Douville 
of a tract, about 60 kilometers in length, situated between Marto, Jaen, 
and the Sierra Sagra^. 

The countiy south of the Gua«lalquivir may be divided into a lowland 
and an upland. The former, which mljoins the river, is covered along its 
banks by a fertile belt of upper Miocene and Pliocene; this is followed 
towards the south by very barren stretches of folded gypsifex'ous Keuper, 
upon which rest scattered patches of lower Cretaceous. Then we come to 
the foot of the liighlaud. 

This side of tlie liighlaiul is formed by the brow of a great recumbent 
fold, broken up by erosion into several fragments; of these the most 
easterly is tlie largest; it is 20 kilometers in length, over 2,000 meters in 
height, and rises between 1,300 and 1,400 meters above the plain. The 

* Bariois, Mission d’Aiiclalon8ie,p.84 ; Bertnind and Kilian,op. cit., pp.406 and 573 ; the 
older statements of Gonzaloy Tarin with regard to the fossils of the limestone of the Sierra 
de Gtulor merit fresh investigation (Bob Com. Mapa geol. Espana, 1882, IX, p. 104). 

Bob Com. Mapa geol. Espaha, 1882, IX, p. 117. 

U. Nickles, Sur I’existencc de phenomenes de charriage en Espagne, Bull. Soc. 
geol. France, 11)04, 4’ ser., IV, pp. 223-247 (also C. R. Acad. Sci. Paris, 24.ibvr. 1902). 

* It. Douville, Esquiflse geologique des Prealpes subbetiques, Svo, Paris, 1906, 222 pp., 
maps. 
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rocks which form the brow of tliis fold are chiefly Jurassic limestone, 
differing in its dark colour and dearth of fossils from the light-coloured 
autochthonous limestone of the same system. The brow bends in an hrc 
downwards and inwards, so that at its foot we discover the overthrown, 
wedged-iu, and in large part crushed remains of the Cretaceous and 
Eocene beds, which were originally superposed on the Jurassic. These 
deposits once formed the roof of the fold. R. Douvilk? states, however, 
that a surface of separation was formed in the upper limb on the horizon 
of the Cenomanian, probably after the great movement had ceased, and 
that then the middle and upper Cretaceous accomplished an independent 
movement over parts of the plain. 

The original home of tliis dark Jurassic limestone is unknown, and 
with regard to the origin of the fold we can 0!ily say that it has been 
thrust from the south. 

The foregoing facts are instructive, in so far as they afford a fairly 
simple example l>y whicli the form of the recumbent fold is placed beyond 
doubt. Rut tliero are other circumstances which are also important. The 
earlier statements as to the rather recent date of the fracture on the 
south side of the mountains, and of the strait of Gil>r^ltar as well, arc 
confirmed in detail.^ Here also the ophitic intrusions accompany the 
Trias and in a few cases even extend into the upper Lias, if not fur- 
ther 2, The masses of blocks associated with gypsum, l>olonging to the 
Second Mediterranean stage, which occur in Calabria and Sicily, seem to 
be repeated in tlie basin of Granada, where they form Drasclie/s ‘ Mif)ceuo 
block formation’.^ 

The saii.e structure and the same succession of strata strike towards 
the north-east as far as the Cabo de la ISao, and even in the Sierra 

* Mission rl'Andaloasie, p. STS; R, Douville, p. 10>^. According^ to the later accounts of 
M. Gontil, which have arrived while this volume is iu the press, the facts are as follows : 
during the deposition of the upper Miocene (II Mediterranean stage) communication 
existed along the north side of the Betic Cordillera; during the period of the lower Plio- 
cene (III Mediterranean stage) communication through Fez; during the upper Pliocene 
(IV Mediterranean stage) the straits of Gibiultar must liavo been already open, since the 
upper Pliocene does not occur above 120 meters; with this height it could not cross the 
mountain arc, and yet it occurs in Tetuan in the same form as on the Atlantic coast. 
Renseignements coloniaux supple men tai res au Bulletin du Comite dc I’Afrique fran^aiscj 
fevr. 190S ; Gentil, Report, from Tangiers, p, .34. 

* Mission d Andalousie, pp. 527-t532 ; with a diminution in the size of the felspars, 
diabase passes into poqihyritee, and these, through the occurrence of peridotite into mela* 
phyre fspilite), op. cit., pp. 220 223. 

Mission d’Andalousie, pp. 489 et »eq., in particular p. 507. Draachc clistinguishes 
the more recent Guadix formation from the Miocene accumulation of blocks (Jahrb. 

Reichsanet., 1879, XXIX, pp, 112 et seq.) ; on these peculiar occurrences sec also 
.^’iegert, Das Beckon von Guadix und Baza, Zeitschr. Gea. Erdk., Berlin. 1905, pp. 528 
bo4 and 580 814; further, W. H. Flobbs, Guadix Formation of Granada, Bull. Geoh Soc. 
Am., 1900, XVII, pp. 285-294. 
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Mariola, north of Alcoy, Nicklfes came upon a great fold, overturned 
towards the north, which may be compared with the fold of Jacn.^ 

I'he doubts entertained with regard to the Balearic islands (I, p. 231) 
seem about to be dispelled in a somewhat unexpected manner as the result 
of the observations made by Hermite and Nolan.‘^ Two mountain sydems 
are represented in this Utile group of idands, 

Iviza, Formentera, Majorca, and Cabrera belong to the Betic Cordillera. 
The whole of the north-west of Majorca in particular is formed by a frag- 
ment of a chain 80 kilometers in length and 1,571 meters in height. It is 
formed of flakes overdriven towards the north, exhibits the Betic strike and 
is evidently a continuation of tlie Betic structure. Lacustrine deposits with 
Anthracotheri Ilia are a continuation of similar beds in eastern Spain. They 
show that a lake extended to the island of Majorca, which in the Oligocene 
period formed part of the mainland.^ Then came an invasion of the sea. 
Even as early as the time of Kadiea vrassatina the existing south border 
formed part of the coast line. Horizontal beds of Miocene limestone cover 
a great part of the centre of the island. 

In Minorca the situation is different. A fault cuts through the island 
from nortli-west- (Gulf of Algairens) to south-east (iWt Mahon). Its 
soutliern lialf is a flat platform of Miocene limestone, whicli lies uncon- 
formably over tlie fault. In the higher-lying northern half, middle 
Devonian limestone is the oldest rock, which, according to its fossils, cor- 
responds approximately to the Eifelian. Nothing similar has hitherto l)een 
observed anywhere in tlic younger folded ranges which surround tlie 
western Mediterranean. Hermite mentions also plant-remains, possilily 
belonging to the Culm, According to Nolan’s description these beds occur 
ill three anticlines, the one in tlie middle, which is by far the most 
important, strikes N. 5' E, 

Although Majorca throughout its breadth strikes towards Minorca yet 
we are preclu<led from assuming the continuity of these islands owing to 

* K. NickUis, Kechorches geologiques sux' Ics terrains secondaires et tertiiiiros de la 
province d’ Alicante et du Sud de la province de Valence ; Annales Hebert, 189'J, I, ‘JlDpp. ; 
maps, in particular p. 151. 

* H. Hermite, llltudes geologiques sur les ties Baleares : F. Majorque et Minorque, 8vo, 
Paris, 1879, 557 pp., maps ; H. Nolan, Bur le Trias des Baleares, Bull. Boc. geol. France, 
1887, 5''* ser., XV', p. 595, and Bur les terrains triasai<iues et junissiques des iles Baleares, 
C. R. Acad. Bci. Paris, 4 dec, 1895 ; Structure geologique d’ensenible de rArchipel Baleare, 
Bull. Soc. geol. Fnince, 1895,3® ser., XXlll, pp. 7C-91, maps; and Notice prelimiuaire sur 
Pile de Cabrera, op. cit., 1897, 3® s<Sr.,XXV, pp. 303-305 ; Nolan distinguishes in the upper 
Trias: 1. zone of Trachyamis Curionii and Tnichycem^ r//<i«orae; 2. zone of Daonella 
T'Ommeli; 3. zone oi Hoenusia psemiosocialU and ATonoOx siiliuaria. Then follows the 
genenil series of Lias and Oolites ; in Majorca it is traversed by numerous dykes of 
melaphyre. 

L. M. Vidal, Note sur POligoceue de Majorque, Bull. Soc. ^eol. Frauce, 1905, 4® sor,, 
V, pp. 051-054. 
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the completely different direction of the anticlines and the occurrence of 
Devonian. This seems doubly strange since in Minorca the folding 
certainly extends far into the Mesozoic aera, and the Mesozoic sediments 
are similar in lx)th islands. 

On the mainland the Betic division of the Trias has been recognized as 
far as Alcoy and beyond ; as wo proceed further we meet, first in Iviza and 
then in Majorca, with thick Biinter sandstone, and then Muschelkalk as on 
the mainland, but instead of the variegated Keuper marl, thin platcy lime- 
stones occur with Daondla Lomweli and Trachyceras. Here wo have 
reached tlie limit of the Germanic facies of the Keuper, and the outliei's of 
the pelagic Trias, as it occurs on the lower Ebro, make their appearance. 
Since this facies is mentioned as occurring already in Iviza it is apparent 
that in this region the Imi ndary of the facies does mot eoimeide 'with the 
tectonic boundary. 

The Trias here, as Nolan observes, sliow less resemblance to that of the 
mainland, notwithstanding its proximity, than to that of Sicily. 

The Alpides terminate, not in the Balearic isles, 1)ut to all appearance in 
Majorca. We must mention, however, that the indications of particularly 
recent folding, which elsewhere make tlieir appearance at*frce temiinations, 
do not occur in this case. Tlie horizontal [datforms of Miocene limestone 
rather suggest that the movements whicli have occurred further to the west 
have not extended tlms far. 


2. The folds of Provence. 

The eastern parts of the folds of Provence, wliich have been driven 
towards the east and north, meet the Piedmontese and the Helvetian Alps on 
the Var. Mention has already been made of the comparatively late date of 
the Provencal folding over this tract. Concealed by recent deposits for a 
great distance along tlie Durance, indications of these folds occur still further 
in the north, on the other side of the fractures-area of Banon, where they 
run east and west as far as the neighbourJio<xl of Sisteron, there presenting 
a contrast wdth the adjacent recumbent sheets of the Alps. 

They occupy a large area, yet although built on a uniform plan, they do 
not form a unifonii cliain, but on the nortli and west only isolated fascicles 
of folds. On the soutli th(^y are bounded hy the sea. Towards the soutli- 
west they are connected in a peculiar manner with the outer chains of the 
Pyrenees. 

It will be convenient to commence with a brief account of the foi’eland 
on the north-west. This is formed by the Montagne Noire and the 
Cevennes ; the Catalonian mountains to the south of the Pjo’cnees exhibit 
a particular resemblance. 

(M the map the Montagne Noire looks like an adjunct to the south-west 
part of the Central Plateau. It extends from Costel Naudary to Lodeve, 
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and slopes away southwards towards the plain of Bezifcrs. But while the 
gneiss of the Kouergue (south and south-east of Rodez) strikes in the 
Artnorican direction to the north-west and belongs to the Central Plateau, 
the rocks of the Montague Noire strike N. 6(f E. Bergeron, to whom w’e 
owe a great part of our knowledge of this region, has shown that three 
great lol)es of Silurian and Devonian coming from the south-east are 
thrust up on to the Montague Noire. To the east of the point at which the 
river Orb issues from the mountains, Silurian and Devonian extend almost 
horizontally for a distance of nearly 5 kilometers over the bassett edges 
of the folde<l lower Carboniferous 

The older rocks of the Montagne Noire are covered o])Ii(piely and 
unconformably by the Coal measures and Graissesac [lower zone of Stephfi- 
nian] ; tlioy show that the Montagne Noire belongs to the Altaides - 

The manner in which the Carnlman rocks and the several folded ranges 
of the east l>order of the Montagne Noire reappear on tlio other side of the 
Gausses in the Gevennea, and jiarticularly the way in which tliey dip 
Inmoath the Mesozoic sheet lUiar Saint Afriqiie and re-emorg(? near Vigan, 
shows that tlie structure of the ]\Iontagno Noire is continued to this point. 
Hence its independence in respect to the Variscan system also becomes 
manifest 

The Catalonian moxmtains have l)een described by Almera and 
Bergeron. On the coast between cape Dagur and the mouth of the 
Llobregat lies a range of hills with a coincident direction and tectonic 
strike of N. 60” E. as in the Slontagne Noire. Towards the sea this range 
terminates along a strike fault. Overthrusting occurs towards the north- 
west and the sulxlivisions of the lower Palaeozoic series, >vhich extends 
upwards into the lower Carboniferous, coincide with those of the Montagne 
Noire *. 

* J. Bergeron, I*]tude geologique du massif ancien situe au Sud dii Plateau central, 
Ann. ec. g6ol., 1889, XII, pp. 1-3C1, map ; J^tude du versant meridional de la Montagne 
Noire, Bull. Soc. geol, France, 1898, XXVI, pp. 472-487 ; Note sur la base du Carbonifere 
dans la Montagne Noire, op, cit., 1899, XXVII, pp. 36"43; and Sur les naj^pes do re- 
couvrement du versant meridional de la Montagne Noire, C. R. Acad. Sci. Paris, 8 fevr. 
1904, p. 394 ; and in particular the report of the annual meeting of the French Geo- 
logical Society in Bull. Soc. gool. France, 1898, pp. 661-900, also 1899, pp. 605-790. To 
the east of the disturbed region belongs the frequently mentioned lower Devonian of 
Cabriores : C. Barroi8,Sur le Calcaire a Polypiers de Cabriores (lldrault), Ann. Soc. geol. 
dll Nord, 1886, XII, pp. 74-97; F. Freeh, Die palaeozoischen Bilduugen von Cabrieres, 
i^^eitschr- deutsch. geol. Ges., 1887, pp. 380-487, map, &c. 

* The same fact is suggested by the superposition of the Stophaniau and Permian beds 
between Albi and Castres ; A. Dereims, Feuille d’Aibi, Bull. serv. Carte geol., 1898, X, 
l>p. 118-120. 

^ ® J. Bergeron, Feuille de BtWlarieux, Bull. serv. Carte gdol., 1899, X, p. 125, and 
Jeuilles de S. Afrique et du Vigan, op. cit., 1908, XI 11, p. 577 et seq. 

* d. Bergeron, Note sur les terrains paleozoiques des environs de Barcelone et Com* 
paraison avee ceux de la Montagne Noire, Bull. Soc. geol, France, 1898, 3® ser., XXVI, 
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Very thick lower Tertiary conglomerates, crowned by the monastery of 
Montserrat, occur on the north slopes of the Catalonian mountains. They 
may be regarded as an indication that the mountains still possessed, even 
in the Tertiary aera, a greater extension in the direction of the existing 
sea. Deperet observes tliat the conglomerates of Castel Naudary at the 
south end of the Montague Noire completely resemble those of Montserrat 
and are of the same age. Near Montserrat they extend from the lower into 
the upper Ekxiene and the liigher meml)ers are the ‘ Poudingue de Palassou " 
of the Pyrenees, Eocene, lying almost Hat, surrounds the basin of the Ebro 
in the direction of the Meseta ; it is tilled by Oligocene sediments (gypsum, 
beds with Cyrena ifcmidriata and other characteristic fossils) b' 

The Montague Noire thus forms along with the Cevennes a branch of 
the Altaides striking N. 60 " E. and overthrust towards tlie north-west ; 
they arc separated by the Pyrenees from the Catalonian mountains, 
which form a similar fragment. 

Let us now turn our attention to the more recent folds. 

To the south-east of the area, enclosed on the one side by the Alps and 
on the otlier by tlio Montague Noire and tlie Cevennes, gneiss, mica-schist 
and phyllite make their appearance. Upper Carboniferous and l\;nnian, 
uncouforinably superposed, show that here too a part of the Altaides is 
visil)le. It consists of se\'eral culjacent fragments wliich togetlier occupy 
a space elongated towards the south-west. The first fragment is the 
Esterel, between Cannes and the valley of the Argeirs ; the second, and 
largest, is tlic hill range of the Maures, situated between this point and the 
neiglibourlKX)d of Toulon, and continued to cape Sicie? ; as a third fragment 
we may regard the islands of Hyeres. All these fragments are included 
under the name of the Maures A continuous furrow lying in Permian 
sediments (Depression de Cuers) bounds tlie Maures tuwanls the interior ; 
on tlie other side of tliis furrow \ve reach the complicated structure of thti 
Proven^iil folds. 

Just here, extending from the depressron of Cuers to Marseilles and tlie 
Durance, lies the seemed* the classic labours of Marcel Bertrand, which have 
inspired so many of our modern views on the .stnicture of the younger 
ranges of Europe 


pp. H07~875 ; J. Almera et Bergeron, Hur les nappps de recouvrement des environs de 
Barcelone, op. cit. 1005, 4“ 8«-r., IV", pp. 706-721. 

* Beperet, C. R. Acad. Sci. Paris, 26 mars 1906, pp. 7.52-755, 

* I have referred to this range at the beginning of these studies as a fragment of the 
foreland of the Alps, and have terme<l it the * mass of Hyeres’. 

‘ Some of the most important are : M. Bertrand, Coupes de la chaine de S. I3aume,Bulb 
Soc. gcol. France, 1884, 3"* ser., Xllf, pp. 115-1.30, and Nouvelles etudes sur la chaine de 
S. Baume, op, cit., 1B88, 3* ser., XVl, pp. 748-778, map; Plis couches de la region de 
Dragiiignan, op. cit, 1889, ser., XVII, pp. 234-^246 ; Le Massif d'Allauch, Bull. serv. 
Carte gcol., 1891, no, 24, III, pp, 283-333, map; La Basse Provence, relief ct 
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These investigations, combined with those of Zurcher and the studies of 
Fournier and others, wdiich are based in part on different conceptions, 
show that this region is built up of recumbent fol<ls piled one upon 
another. They form circumscribed masses (Massif du Beausset, de. la 
Sainte-Baume, d*Allaucli, de Tfitoile and others). It is not till wc proceed to 
the north that they are succeeded by comparatively longer folds striking 
east and west b 

This second sketch receives important confirmation from Kilian's 
observation that the east-and-west direction is already prevalent in the 
recumbent sheets of the south, in contrast to the south-westerly course of 
the furrow of Cuers, which forms the natural boundary of the Maures. 
From this it has l:>een concluded, and probably witli justice, that the 
Maures, notwithstanding certain Mesozoic patches which occur upon them, 
do not stand in such an intknate, and as it were organic, connexion with 
the Provencal folds as Mont Blanc, for example, with the Helvetian Alps. 
They present rather the characters of a fragment of foreland overwhelmed 
by rc(ruml>ent sheets Imt now exposed hy denudation ; of a window, in fact, 
and the roots of the sheets may have belonged to tlie denuded covering, or 
they may lie in tiie Tyrrhenian subsidence 

The folds now a<lvanco, but in diminished strength, towards the west 
and north with an east-and-west strike ; WTst of Marseilles they separate 
the great lagoon of Martigues from the sea, they disappear below the 
Rhone delta, but reach the river above Arles and still farther to tlie north, 
a fold lieing mentioned as crossing it near Montelinurr. 

In the foreland deilexion of;curs. Near Alais, in the coalticld of the 
Gard, the Carbonifennis itself is uverthrust in the direction of the Cevennes. 
An important scarp formed by the Jurassic limestone of the Gausses, the 
Montague de la Seranue, which runs north-west from the Montagne Noire 
to the Cevennes, causes stowing on the upper Herault and becomes 

directrices, in Ann. de Geopfr., 1897, VI, pp. 212-229, and 1898, VII, pp. 14-33, maps; 
be Bassin crdtace de Fuveau et le Bassin houiller du Nord, Ann. d. Mines, Paris, 1898, 
9^ ser., XIV, pp. 5-85, maps; La grande nappe de recouvrement de la Basse Provence, 
Bull. serv. Cart(? gcol., 1899, no. GS, X, pp. 397“467, maps. 

' The drainage adit 14 5 kilometers in length beneath the mass of I’jfitoile has since 
i>een com]»leted. In the * Lanil)eau charrie de Gardanne,’ north of the Etoile, the out- 
cropping Trias, as M, Boiiriind foresaw, has not been encountered in tlie adit ; the adit 
is cut in the Aptian. Thus the presence of the overthrusts of the north is confirmed. 
Beneath the Etoile itself the adit lay too high in the Jurassic for a decision to be possible, 
A. Boiatel, Uesultats geologiques du percoinont de la Galerie de Gardanne ii la Mer, 
Bull, S<x;. geol. France, 4‘- ser., V, 1905, pp, 724-740, map. 

“ Kilian, liemarques sur la tectoniquo do la Basso Provence. Bull. serv. Carte geol., 
i90G, no. 110, XVI, pp. 449-451 ; Vasseur and Fournier mention that from cape Sicie, 
where the Maures and the furrow of Cuers sink beneath the sea, there is a submarine 
Gitf which runs south of Marseilles, while at Pointe Rouge a little south of the same 
town a conglomerate with Permian pebbles occurs. Both tliese facts are regarded as indi- 
cating a continuation of the Maures : 0. R. Acad. Sci. Paris, 27 janv, 1896, map. 
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a lx)undary of the foreland. From the south the Trias and Lias have 
Burji^ed up towards this barrier in six successive flakes ^ 

This is the beginning of a long belt of daninied-up folds on the south 
border of the Montague Noire. It extends to St, Chinian and has been 
described by Nickli?a ^ 

Isolated fragments, extending from Montpellier onwards, between this 
belt and the sea indicate the continuation of the Provencal folds as far as 
the Montagne de la Clape, near Narlonne; near St. Chinian, however, 
circumstances occur wliich have an important Ixmx’ing on the interpretation 
of the Pyrenees. 

Tlie illustration ffig. 20) is taken from a tectonic map published by de 
Margerie in 1890. Many additional details have been discovered since the 
continuity of the folds has become more apparent, Init the loss complicated 
representation given in tlie figure shows th^ various trend lines in a very 
clear manner 

The folded ivgion of St. Chinian leaves the IVlontagne Noire while 
describing an arc. Dejx?ret distinguishes several concentric folds. The 
most northerly anticline reveals beneath Trias and Infra-Lias the Eocene 
stage of Rognac ; beneath this, Nununulitic l>eds exteiidifig as far as Bize, 
and beneath these, limestone with riom Thi^ imwlofirnmontus. Between 
this overturned fold and the Palaeozoic beds of the Montagne Noire lies 
one end of the basin of Minervois, which widens out rapidly towards the 
west, i. e. in the <lirection of Carcassone. Near Bize,*a small dome of 
Eocene is separattMl off towards the south-south-west ; it represents the 
free end of the first anticline. 

The next anticline presents the same succession of strata as the first *. 

In the Minervois, to the west, the Eocene l»roadens out ; north of the 
Aude no further folds occur ; tlie foot of the Montagne Noire is free and 
lies as it were in a dead angle. North of the Pyrenees rises the Palaeozoic 
imuss of Mfjuthxiumd. It i.s 45 kilometers in length and attains a breadth 
of 15 kilometers. The stratified sequence i.s the same as that of the 

^ R. Nickles, Sur les plis couches de 8. Jean-de Bueges (Herault), C. R. Acad. Sci. Paris, 
SO janv. 1905. Here the ob.stacle (upper .Jurassic) consists of more recent rocks than 
the sediments stowed by it. 

* H. Nickles, Bull. Soc. geol. France, 1899, sc^r., XXVII, p. 715 et seq. ; in particular 
pp. 719, 743, 773 et eeq. to 787. 

® E. de Margerie, Notes sur la .structure des Corbieres, Bull, serv. Carte geol., 1890, 
no. 17, 11, pp. 283-318, map ; also an older work by d’Arcliiac, Les Corbieres, Mem. Soc. 
geol. France, 1859, 2^- ser., VI, pp. 209-446, map; among recent works in particular, 
L. Carez, Composition et structure des Corbieres et de la region adjacente des Pyrenees, 
Bull. Soc. geol. France, 1892, 3* scr., XX, pp. 470-506 ; L. Doncieux, Monographic 
gcologiquc et pal<^ontologique des Corbieres orientales, Ann. Univ. Lyon, 1903, new scr. 1, 
frisc. II, 377 pp., map ; 0. Mengel, ObservatioTie gfkilogiqucs sur la partie sud-est de.s 
Corbi<*rns, Bull. Soc. geol. France, 1904, 4*^ser., IV, pp. 256- 281, map. 

^ C. Beperct, Bull. serv. Carte geol, 1896, VH, pp. 86-88, and 1899, X, pp. 515-51/. 



MOUTHOUMET 


236 


CH. Vl] 

Montagne Noire. Its north border is bent over towards the north ; Mesozoic 
folds encroach from the west There is no doubt that this mass was affected 
by the folding of tlie Pyrenees. Nevertheless it has caused a deflexion of 
the Mesozoic folds. The north-east comer near Durban leaves no <loubt on 
this point. The Provencal folds composed of Trias, Jurassic, and Cretaceous, 
but without Eocene, approach from the subsidence of Narlxmne, 1)end 
gradually lietween the eastern border of Mouthoumet and cape Leucate 



into a due east-aiid-west direction, as a consequence of overtlirusts towards 
their concave side^; they unite south of the Moidhtmiml mass xcith the 
Jolds of the Py renees, 

Near .Tc)nqui^rcs (8 kilometers north-west of Durban) the Trias and 
Jurassic disappear. All the folds west of a line joining Jonqnit'rcs and Bize, 
h e. tint folds k^tween Mouthoumet and the Aude, consist solely of Danian 
and Eocene, thus ottering a marked contrast to the deflected folds of Provence. 
They are thrust towards the north, frequently cut through by faults, and 

' C. Deperet, Bull, eerv. Carte geoL, 1906, XVI, p. 40‘2, window of Vingrau (north-west 
of Hives Altes). 
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near Moux and Lagrasse reveal the Devonian, lying beneath the Danian ; 
the folds die away towards the west ^ 

Thus between the Montagne Noire and Mouthoiimet a connexion exists^ 
beneath the Danian^ hetueen the Palaeozoic foreland and the core of 
Mouthoumet, At the same time we have here an instructive example of 
folds exhibiting hvo different facies (Devonian, Danian, Eocene ; and Trias, 
Jurassic, and Cretaceous) wliich liave developed together side by side. 

iJ. The Pyrenees. 

The study of this great mountain range has made considerable progress 
in the last few decades, A catalogue drawn up by Carez in 1903 contains 
the names of more than 2,000 works of a geological nature. In this period 
of progi'ess three phases may be distinguished. The fii*st centres round the 
works of d'Archiac and Leymerie^; the second is marke<l by the publication 
of the map by Carez in 1892 and the almost contemporaneous sketch of 
the structure as a wliole by E. de Margeric and F. Schrader * As regards 
the third period it will suiHce for the present to mention the monograph l>y 
Carez (siibsoi|uent to 1903) Bresson s study of the ancient formations 
(1903)'’, and the investigations of Leon Bertrand in tin east. Important 
resultvS ws regards some of the principal questions wore furnislied by the 
excursion of the French Geological Society in tlie West Pyrenees in 190() 
The writings of Mallada and other investigatoni, such as Stuart- Monteath, 
Roussel, Oaralp, Seunes, Mengel, Yarza, and in particular Lacroix, con- 
tribute in many directions to the completion of our knowledge. 

The substructure of the Pyrenees is formed by a series wliicli begins 
with gneiss, and from the lower Silurian up to and including the Car- 
boniferous is characterized by fossils. Bresson has shown that tlie same 
subdivisions of the Palaeozoic series may lx? recognized here as in the mass 
of Mouthoumet, the Montagne Noire and the Catalonian mountains. In this 
respect there is no ditference between the mountains and the foreland. 
This ancient series is invaded by granite batholites. They are of pre- 

* For example, K. de Margerie, Bull. serv. Carte geol., Is90, no. 17, II, pp. 

A. Bresson, op. cit, 1897, IX, pp. :549 352 et paasim. 

* D'Arcbiiic^s above-mentioned work on the Coi biercs ; A. Leymerie, Description geolo- 
gique et paleontologique des Pyrenees d(3 la Hante-Garonne, 8vo, Toulouse, 1«81, and 
atlas, et passim. 

® L. Carez et Vasseur, Carte geologique de la France, 1:500,000. 

* E. de Margerie et F. Bidirader, Aper 9 u de la structure geologique des Pyrenees, Ann. 
Club alp. frarif (1891), 1892, XVllI, 65 pp., map. 

® L. Carez, La Geologie des Pyrenees fran^aises, Memoire pour servir a rcxplicaiion 
do la Carte geologique detaillee de la France, 3 voi3,4to, 1903-1905, 1917 pp., maps. 

'' A. Bresson, Etudes sur lea formations anciennes dea Hautes et Basses Pyrenees, Bull, 
serv. Carte geol., XIV, 1903, pp. 45-322, map. 

Heunion extraordinaire dans les Pyrenees occidentales, 1906, Bull Soc. geol. France, 
4^ser.,VJ, 
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Permian age. They do not occur in the masR of Mouthoumet. The 
investigations of these batholites by Lacroix have an important bearing on 
the question as to granites when the surrounding rock is consumed ^ 

The Altaides enter largely into the structure of the Pyrenees and are 
termed here the ‘ primary series Within the mass of Mouthoumet folds 
occur running to the south-west and almost east and west -. In the mi<lst 
of the Pyrenees tracts occur in which these ancient folds are covered by 
transgressive red Permian and pale-coloured upper Cretaceous ; it is the 
same succession as in Bohemia, for example, or in parts of the Great Atlas. 
Outside these older regions, l)oth on the north and south, lie the younger 
folds. The Mesozoic series extends upwards into the Cretaceous without 
any sign of pelagic characters. Marine Permian fossils have been found by 
Caralp in one of the northern foot ranges The Trias is represented by 
gypsum, salt-l>earing marls, and Rauchwacke. 

The North. The folds of Provence advance behind the inass of 
Mouthoumet. When, having made a bend almost at right angles, they 
reappear in the west as the northern part of the Pyrenees, we see how 
tremendous must liave been the pressure to which they were sulyected 
from the south. Mouthoumet now assumes a position similar to that of 
Ufa in front of the Urals, and the Adirondacks in front of the Appalachians. 
The northern border of the Pyrenees breaks up towards the west in a 
compulsoi'v virgation, wliich in the Petites Pynhn^es gives rise to a north- 
westerly strike, divergent from that of the principal chain. 

The structure of tlic great range running to the north-east lias been 
nnide known nearly as far as Tarbes l»y L, Bertrand In the north an 
Mutoclithonous forelaiul (I, Region Sous-pyr^mk'ime) lies here in front of 
the Pyrenees. To thi.s, as a basement, Mouthoumet also belongs. It is 
followed by a sheet (I(^. Nappe Pn^-pyr(5ncenne, L. Bertrand, Zone c^no- 
laanicaine, Garez) which, although separated from the forelanrl by a 
thnist-plane, still possesses its stratified succe.ssioii with an im{)ortant 


' A Liieroix, Lc Granite tics Pyrenees et ses plienomenes de contact, I, Bull. seiT. 
Barfe 1898, X, pp. 241-^^08, and II, op. cit., 1900, XT, pp. 50*68. 

fj. Bertrand, Sur I’lillurc des plis aiicienB dans les Pyrenees centrales et orientales, 
C. R. Acad. Sci. Paris, 4 fevr. 1907, ]»p. 289-292 ; L. Bertrand compare.^ the encounter 
with the syntaxis in the Cent nil Plateau. 

^ Carah>, b^- Pennitni de rAricge, ses divers facies, sa faune marine, Bull. Soc. geol. 
loanee, 1903, P stir., Ill, pp. 63.5-650. In the north of Europe, also, a marine Permian 
the Zechstein, ia present; in the Alps, however, marine Permian is unknown, and 
the outcrops discovered hy Canilp correspond to those of south Europe and the Dinarides ; 
fif^cording to Hang they contain species from Sicily and the Urals. 

^ h. Bertrand, Snr h*s na)»]»es de charriage pYreneennc.s et Pni-Pyrencennos a TEst 
’h‘ la Nesle, U. R. Acatl. Sci. Paris, 18 nov. 1907 ; and Goutrihutions a Vhistoive sirati- 
??i'aphifiue rt teotonique des Pyrenees orleutalc.^ et centrales, Bull. serv. Carte g6ol., 1907, 
^^'11, pp. 281-315. 
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development of transgressive Cenomanian. It is within this that we first 
encounter the frontal overthrustiiig of the Pyrenees theniselves. 

L. Bertrand distinguishes three sheets transported from the soutli, any 
one of which may conceal that preceding it. Liirge patches of the primary 
series (gneiss to Lower Carboniferous) form part of these sheets. In some 
places they rise up to a great lieight, at others they are ground down and 
milled out into naiTow strips. They are separated by long pinched-in 
Mesozoic zones or strips. 

Sheet A makes its appearance from beneath the other sheets, and is 
visible at intervals in the south, in autochthonous association with the 
primary principal chain. 

Sheet B comprises the primary mass of Agly (>vest of Perpignan), is 
represented further \vest by a Mesozoic zone, and includes (in the w^est) the 
masses of the Trois Seigneurs, Castillon and Millias. 

South and east of the Trois Seigneurs a belt of marble with intrusions 
of Lherzolite makes its appearance; towards the west the Mesozoic zone 
becomes broader and the basic intrusions come to an end. In two erosion- 
windows in sheet B, situated north-east and north-west of the Trois 
Seigneurs, the pre-Pyrenean foreland, and in part the Cretaceous also, may 
be seen in the midst of the great range ; rolled-out fragments of A may be 
recognized round about tliese windows, lying beneath B and upon the 
denuded foreland. 

The highest sheet, C, consists principally of primary masses, tiioso of 
S. Barthelemy, the Arize (north of the Trois Seigneurs) ; possibly the 
Barousse also must be referred to it. 

These instructive results, which have been made clear to me by the 
kindness of M. Bertrand, who lias lent me his unpublished map, recall the 
Alps, on account both of the overthrusting of great masses of tlie ancient 
substructure, and of the presence of marble l»auds and basic intrusions. 
The Trois Seigneurs and slieet A occupy the same position as the Hohe 
Tatra in the Carpathians. L, Bertrand regards the sheets as folds (replis) 
of the primary principal chain of the soutli, and vstates that the sheets arc 
clearly bounded by Mesozoic zones in the souih, wliile in the north they 
are united by a common covering formed of the marls of the Albian stage, 
in which the saddles of the anticlines are preserved, and play a part 
somewhat similar to that of the Alpine Flysch. 

East of the exit of the Ariege from the mountains, rise some folds of 
Cretaceous and Eocene striking west-north-west; tliey depart further and 
furtlier from the direction of the Pyrenees arnl soon form the fairly indo- 
pemlent chain of the PelUea Pyreneea. West of the middle course of the 
Oanjnno there lies a fiat cone of debris etisily recognizable on the map by 
a radiate arrangement of numerous river courses. Its summit forms the 
Plateau of Lanneinezan. Beneath this cone the Petites Pyrenees disappear, 
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but to the south of them, as far as the foot of the cone, we see that other 
zones of the Pyrenees insert themselves and form a transition. Traces of 
the Cenomanian occur beneath the cone. Independent bands of salt- 
bearing Trias with smaller occurrences of mylonitized granite make their 
appearance An almost continuous sericvS of small exposures runs south 
of Salics in front of the Pyrenees into the neighbourhood of Lannomezan, 
and has been traced still farther, up to Lourdes and beyond. Further north 
a larger series of dislocations, striking more or less to the north-west, 
makes its appearance on the west side of the cone. The land is concealed, 
however, to a large extent, and the exposures are seldom connected ; there 
is room therefore for ditference of opinion. It will suffice to compare the 
plan of the lines made by Seuiies in 1890“ with that by Carez in 1903®. 
The Kstudies of Scunes refer chiefly to the southern lines as far as Dax. 
Repeated anticlines, bent in irregular arcs, convex towards the north, ai’e 
said to occur; hence the folding force has acted from th(3 south. One line 
on the map is particularly conspicuous; it runs from Chirac towards the 
west-north- west, passes north of Oleron on the way to Peyrehorade, there 
changes its direction and reaches the sea near Bidart. 

Carez agrees with earlier observers in his plan of the anticlines, the 
most northerly of which runs 28 kilometers south of Bordeaux. They are 
regarded as parallel to the Pyrenees (consequently not arranged in virgation), 
and are compared with the parallel lines trending to the north-west, which 
further north extend from the Central Plateau towards southern Armorica. 
One of the synclincs, however, which strikes from Pau towards Gaas (north 
of Peyrehoraile) is said to also possess the l)end observed by Seunes. 

It is certain that the dislocations may still be recognized at a quite 
unexpectc<l distance from the Pyrenees; and ophites also accompany them 
as far as tlio neighbourhood of Dax. 

1'he bend as perceived by Seunes is goven)ed by a foreign body, whicli 
it surrounds. This is the broad and low mass of Lahirardy formed of 
granite ami gneiss, whicli is exposed south of Hasparren ; some 20 kilo- 
meters away, situated on the Spanish frontier and cut througli in its 
nortlieru part hy the Bidassoa, lies the granite imuss of Aja (or Haja) 
12 kilometers in length ; it is a continuation of the mass of Lal)ourd. 

^ L. (Jarez, Feuillo de Taibes, Bull. «erv. Carte geol., 18l)8, X, p. 102. Tii the valley 
hurow ill the direction of Tarbes, granite atill crop.s out on the west side of the cone ; 
for the force of the movement : P. Terniier, Les Breches de Friction dans lo Granite et 
Oans lo Calcairo orystalliii a MoiutVlMenda, Bull. Soc. geol. Franco, 4*^ siu\, IV, pp. 833- 
838. 

J. Seunes, Recherches siir lea terrains secondaires et Tlilocono inforieure do la 
region souB*pyreneonn« du sud-est de la Franco, Ann. Mines, 1800,8“ scr., XVlII,pp. 209- 
•158, map ; in particular p. 412 et seq. 

* b. Carez, lai Geologio des Pyrenees fran9aise3, 1, p. 671 et soq., pi. ii. A sketch of 

crossing of these lines by the Garonne (dilTeriiig from the older description by 
heymerie) is given by Carez in the Bull. Soc, geol. France, 1902, ser., 11, pi. xvii. 



240 POSTHUMOUS ALT AIDES [party 

The situation is rendered still more remarkable by a scries of rocks 
striking to the south-south-west, wliich rise from the sea a little south of 
Biarritz ; these present a wonderful diversity in kind ; and their direction 
corresponds approximately to that which would be followed by a similar 
line surrounding the mass of Labourd at a greater distance ; it is also 
nearly parallel to the zone of Flysch which borders the gneiss of Labourd, 
extending along the coast to St. Sebastian and beyond ^ 

Hautes Pyrinies. On the east the space allotted to this group of 
mountains is reduced by the encroachment of the recent subsidence of the 
Roussillon, which also cuts tlirough a part of the Provoiifal folds, as they 
strike by from cape Leucate ; on the south border of these folds, where the 
Tech emerges from the mountains, extremely complicated relations set in. 
Immediately to the west, however, the groat range becomes continuous. 
Its breadth in the meridian of Andorra, from the south side of the granite 
of Foix to somcwliere near tin? tixit of the Segre from the mountains, 
amounts to about 72 kilometers. From here onwards the northern border 
strikes east and west towards the Mesozoic belt, wliile in the interior of the 
range a strike of W, 30" N. prevails, and the south l)order runs almost 
nortli-west. ^ 

In tins way the breadth decreases towards the west. Near ITrdos 
it amounts to only alx)iit 22 kilometers; a little further west, at the 
Pic d’Aiiie, it is a great deal less. From this point onwards the Basses 
Pyrenc^es take the place of the principal chain. The primary rocks, which 
form by far the greater part of the Hautes Pyrenees, appear in these 
mountains only as recumbent sheets or as pinched-in strips. Sonuj distance 
away, on the other side of the plain of Mauleon, tlio gneiss of Labourd 
crops out on the north, and the stricture of the mountains umlergoes 
a change. 

We have mentioned above that the relations ])ecome complicated on the 
Tech. According to Mongers very instructive <lescription, the situation on 
the east of this region is as follows : — 

The primary rocks form a broad mass, which is called after its most 
northerly point the Hoc de Frame (1,449 meters south of Ceret). Its 
boundary runs from the upper Ter towanls the north-cast, crosses the 
Spanish frontier north-east of Camprodon, runs parallel to the Tech as far 
as Am<?lie-les-Bains and beyond, and bends })etweiin Ceret and the Roc de 
France towards the south-east. Maintaining this direction, it passes 
Massarach and reaches the plain which surrounds tlie gulf of Rosas. Only 
a few remnants of Mesozoic occur on its margin. The whole of the mass 

‘ Maps of thesj? ‘ Klippen ' are given by L. IJertrand, IJiill. Soc. geol. France, 190*2.4^Ber.» 
II, pi. i ; and Douville, op. cit., 1905, 4^ ser., V. The following occur in the * Klippen : 
Trias and ophite, altered Jumeeic limestone, Cenomanian, Senonian, Danian, and several 
divisions of the Eocene. All the dislocations are older than the Aquitanian. 
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of the Roc de FraTice, inserted in the mountains like an obtuse wedge, 
pointing away from Spain, has been moved toivards the north. 

West of the Tech and the frontier from Camprodon to Am^lie-les- 
Bains, which marks a pinched-in belt of Devonian and Carboniferous, lies 
the broad primary mass of the Canigou ; this has been driven toivaixls the 
south y so that the line of the upper Tech may be regarded as the boundary 
between the two movements^. 

From this point onwards the whole of the southern side of tlie Ilautes 
PyrAi^es shoWvS a movement towards the south, and a considerable part of 
it has been resolved into flakes which face in the same direction. Thus, 
for example, the Spanish mountains situated to the south of the granite 
mass, which bears the Maladetta (3,404 meters), are formed of folds or 
flakes of Palaeozoic beds overturned towards the south. The Trias consists 
here, as in the north, of gypsum and ophite ; it appears as a narrow belt 
surrounding the Mesozoic beds 

Thanks to the zeal of French investigators, foremost among whom 
stand Bresson and Carez, we arc able to obtain a clear insight into the 
structure of the range lx)th in the valley of the Gave de Pan, which leaves 
th(i mountains near Lourdes, and also in the valley of tlie Gave d’Ossau, 
which adjoins the former on the west'h South of Ixiurdes the Mesozoic 
belt strikes oast and west; it consists of lower Cretaceous, with Jurassic 
and a little Triius; the folds are ovciturned towards the north. Below 
Argeles they terminate suddenly along a steep dislocation striking east and 
west. Aptian marls arc steeply upturned, and south of the dislocation 
lower Devonian dips steeply to the south. Tlie Palaeozoic formation which 
l>egins here is at first foMed towards the north, but below Luz the beds are 
stee[)ly upturned ; dipping first in one direction and then another they 
yield finally to the southern movement which now dominates as far as the 
^Spanish frontier. The vstrike is W. 30'’ N. in this region. 

Let us follow this direction towards Lanins on the neighlx^uring Gave 
d'Ossau. 

Here Turonian and Senoniaii crop out over a considerable area from 
beneath the Devonian ; in the .south-west, towards Eaux Chaudes they 
rest in aut<x;hthonous superposition upon hornblendic granite. Basement 
•segments of ophite and Trias, as well m Flysch with Fucoids, rest upon the 
Cretaceous. The mighty sheet of Devonian and Carlioniferous ivhich was 


^ 0. Mengel, Bull. serv. Carte geol. (1905), 1906, XVI, pp. 414-422, and op. cit. 
(1900), 1907, XVII, pp. 217 225, map. 

* h. Bertrand, Bull. serv. Carte geol., XVI, p. 388. 

® The chief sources of information are Bresson’s above-mentioned work in Bull, serv. 
Carte geol., XIV ; Carez, Geologic dcs Pyrenees franyaises, and, in particular, Report on 
fhe meeting of the French Geological Society in the westera Pyrenees, in the Bull. Soc, 
France, 1907, 4« s^r., VII, pp. 81-110. 

80L1.A8 IV U 
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throat here from the west-south-west over the Crelaceous has left behind 
these relica 

The exposures on the Gave de Pau are no less instructive. Its highest 
affluents, the Gave de Gavarnie and the Gave d’H^as, are separated by 
a mass which projects to the north (Pic de Pimend, 2,803 meters ; Mont 
Herran, 2,789 meters), and consists of sediments extending from the 
upper Silurian to the lower Carboniferous. The rivers unite near Ghdre. 
They liave both eaten their way through the overthmst sheet (S -j- D -f H, 
fig. 21) and the Cretaceous (C), and together fomi a crescent-shaped 



Fig. 21 . Gacarnio and fhc Fnnch frontier near Mont Perdu, 

Sj-3; Silurian, altered by granite ; D + II, uppor Silurian, Devonian and Carboniferous ; 
C, upper Cretaceous j 7, granite ; m, contact zone of tho granite. 

window, which terminates on the west in the Ciniuc de Gavarnie, and on 
the east in the Cirque de Trournouase. At the bottom of the window, the 
basement, formed of lower Silurian altered by granite fig. 21), is 

laid bare; overlying this, in autochthonous association with it, corae.s the 
Campanian with Rudistes, and above this, extending up to the lofty peaks 
of the Pimen^, Mont Herran and tho Pic de la Munia (3,150 meters), that 
part of the overthrust sheet which lies in the bend of tlus window. Bresson 
conjectures that the great movement tow'ards the south took place along 
the thick graptolite slates. Hence it follows, since the substructure is 
lower Silurian, that an apparently nonnal succession might occur wherever 
the Cretaceous has completely disappeared in consetiuence of rolling out. 
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In any case tlie autochthonous superposition of the Cretaceous proves tliat 
S |.3 must have been exposed before the <feposition of that formation. 

The Cirque do Gavarnie ends in a mighty wall formed of steeply folded 
Campanian and Danian. The Palaeozoic sheet does not extend so far. On 
the ascent to the pass of Gavarnie the boundary between the sheet and the 
Cretaceous is quite steep 

Since the iiscending Cretaceous is continuous with that exposed in 
the window, this Ixjundary cannot be a fault. The piled-up folds of the 
Cretaceous limestones now form, on the Spanish frontier, a series of peaks 
over 3,000 meters in height (Marbore, 3,253 meters), and on the other side 
of the frontier tliey form Mont Pcixlu (3,352 meters). Nurnmulites have 
been found both on the Marbore and about the peaks of Mout Perdu. 

Thus it appears tliat the substructure Sj _3 was overlain by an auto- 
chthonous series extending from the Campanian Uy the Eocene, and that the 
whole of this overlying series was seized by the overthrust sheet, down to 
its lowest member, in Avhich Hipptirites are transformed into plate-shaped 
discs, and was carried along with the sliect and rolled out. Its sudden ascent 
and swelling out in the Cirque de Gavarnie and on the Spanish frontier 
indicate perhaps votliing more than a great bulging up at the margin, 
wlierc it was relicveil from the load of the overlying sheet. This accords 
with the occurrence of piled-up Cretaceous synclines, open towards the 
south, whicli de Margerie described so far back avS 1886 as occurring in the 
Cylindre (3,327 meters), between Marlx)re and Mont Perdu “. 

PjfrhUei<. It has been mentioned above that fragments of 
Flysch with Fucoids rest upon the Cretaceous of Eaux Chaudes. According 
to Bresson's obsorvatious, this Flysch is continued a good 30 kilometers 
further towards the west, enclosed between the substructure and the 
I^ilaeozoic sheet winch has been thrust from the north Then, north of the 
Pic d’Anie (2,504 meters), this cai|ght-in strip grows continually l.)roader, 
till finally, where the Hautes Pyrenees have terminated on the Pic d'Anie, 
it forms in their place the imposing Flysch range which rims out from 
Sainte Engr&ce nortli of Pampelona. 

This Flysch is upper Senonian ; towards the summit fossils of the 
Dauian are found, and it thus corresponds in age with the Bavarian Flysch. 

’ L. Carez, Geologie des PyiVrntk^s fran Raises, II, pi, IX, fig. 2. In Tori Bieil on the 
fcouth-east side of the Pimenti we see still more clearly the superposition of Campanian 
and Danian, op. cit., pi. VIII, fig. 2 ; Barrois, Mission d^Andalousie, pp. 202 and 298 et 
Ptissim for the relation of the Crotacoous to the superposition. Pimone is not included 
in fig, 21 ; it lies near the north end of 84 + D + Ib, to the south of Gedre. 

^ E. de Margerie, Notes geologiques sur la region du Mont Perdu, Ann. Club alp. 
fninf., 1886, XIII, pp. ()09'“625 ; Douvilld and Bertrsind also ascribe these folds merely 
to a * refoulement Bull. Soc. geol. France, 1907, 4"" ser., IV, Meeting in the west Pyrenees, 
pp. 98, 99. 

^ A. Bresson, Feuille d'Urdos, Bull. serv. Carte gooL, 1906, XVl, pj). 385-392, map. 
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It is distinguished as Spanish Flysch, in opposition to that on the north 
side, which is regarded as Cenomanian, 

The following transverse section across the Basses Pyrdn^es is derived 
from the works of E. Fournier ' : — 

On the north lies the Cretaceous plain of Mauldon. Then follows 
a long anticline. Its north side consists of a normal series ranging down 
into the Trias, dipping towards the north or slightly l)ent over in that 
direction. In the axis lower Carlx>niferous occurs, or a thick Rothliegend- 
conglomerate (Poudinguc de Menditelza). The south side is always strongly 
overfolded towards the south, but the southern limb is but slightly repre- 
sented, and generally only by Trias. This is separated from the Flysch 
by a thrust-plane which runs through the whole area, and dips towards the 
north. Then follows the Flysch and Cretaceous limestone range, which is 
much higher than the preceding, and here forms the orographic axis of the 
Pyrenees (Pic d'Orhy, 2,017 meters). 

On the bomidaiy plain between the Trias and the north l>order of the 
Flysch some lower Silurian crops out near Sainte Engrace in a cleft; and in 
accordance with the movement <lirected towartls the south, a recumbent 
sheet of Permian, Cenomanian, and Siluri«an lies upon tb^e Flysch ^ 

The West and South, A general map of the neiglilx)urhood of Ljxtourd, 
followed by a more detailed map of the northern district, has been published 
by Stuart-Menteath. A map of the south-west region has been furnisher] 
l:»y de Yarza, of tlio south-east by Mallada. Termier lias described the 
granite of Aja ‘K 

In the extreme north-east of the mass, near Hasparren, lies granitic 
gneiss foriuing Mont d’Ursouia (678 meters) and scarcely rising abov^e tlie 
plain in front of it. It is adjoined by an area of Palaeozoic rocks forming 
an irregular ellipse, alx:)Ut 60 kilometers long towards the south-west; close 
to the border of this the granite of the Pena de Aja (816 meters) makes its 
appearance. In isolated Uxialities upper Cretaceous occurs in transgression. 
The map by Stuart-Menteath leaves no room to doubt that the anticline 
of Trias and Jurassic which approaches from Sainte Engrace and forms the 

* E. Founiier, gcologiquL* !iur la partie occideutale de la Chaine des Pyrene 

entre la Vallee d’Asjie et cello de la Nive, Bull. 8oc. geol. France, 1906, 4“ ser., V, 
pp. 699-723. 

* Map and section are given by Bresson, Bull. serv. Carte geol., XV I, pp. 390-301. 

^ P. W. Stuart-Merifceatii, Sur la gfiologie des Pyn^necs de la Navarre, du Guipuzcoa et dn 
Labourd, Bull. Soc. geol. Fnxnce, 1881, 3’^8er.,lX, pp. 304-333, map; Note sur une carte 
geologiqiie de la haute et dc la basse Navarre, op. cit., 1891, 3® ser., XIX, pp. 917-921, 
map ; R. Adan de Yarza, Descripeidn ftsica y geoldgica de la Provincia de Guipuzcoa, 
Mem. Com. Mapa geol. Es])aha, 1884, 175 pp., map, and Provincia Guipuzcoa, Geol. agric., 
Bosquejo petrogr., 4to, S. Sebastian, 1900, 26 pp., map; Mallada, Reconocimiento 
logico de la Provincia dc Navarra, Bol. Com. Mnpa geol. Espana, 1882, IX, pp. 1-64, map ; 
Termier, Le Granite de la Haja ou des Trois Couronnes, Bull. Soc. geol. France, 1007, 4' 
3^r., VII, pp. 0- l7. 
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north side of the Basses rests against the east side of the mass of 

Labourd and stiikes to the north-west towards Hasparren. From there on, 
the same zone makes a bend towards the west, and the observations of 
de Yarza and Mallada show that almost all the rest of the mass as fai‘ as 
Roncevalle is girdled round by similar deposits. Upon these rests a broafl 
mantle of Cretaceous limestone and Flysch wliich extends along the coast 
through Fuenteirabfa, is continued through Guipuzcoa and unites north of 
Pampelona with the Flysch of the principal chain of the Pyrenees. 

From this it appears that the Pyrenees are separated from the sea, along 
the Bidassoa and near San Sebastian, by a continuous zone of Flysch. In 
this region, according to de Yarza, they are folded towards the north, and 
in places even overfolded. The Flysch of Guipuzcoa is iilso folded towards 
the north. Bising out of it is a mass of ophite, 16 kilometers in length, 
6-8 kilometers in breadth. 

The ‘ Klippen * of Biarritz run parallel to the strike of the Flysch, along 
the lower cours(i of the Bidassoa, but in Biscaya where the land is equally 
covered with Flysch a strike to the north-west is evident. It finds 
expression in a long ridge of opliite, possibly the continuation of similar 
masses previouslyaiiientioned ; then in a long anticline of lower Cretaceous, 
striking through Bilbiio ; and finally in the long syucline of Eocene, which 
for a part of its course follows the upper Eljro and rims from Alava to 
Burgos. The folding in Biscaya is intense and directed towards the sea; 
i. e. towards the north-east h 

Near Enti’arnl)Jisaguas, close to Santander, not far west of the region 
wliere the anticline of Bilbao approaches the sea, and thence onwards to 
Ix^yond the Picos d’Europa (Pena de Cerredo, 2,64:3 meters), Termier 
followed a range consisting of overthrust sheets (Trias to Eocene) aivl 
further south of Palaeozoic beds; from its general attitude we must 
assume that thivS complex emerges south of the Flysch range". Its 
termination, with folding towards the north, lies at Oviedo (II, p. 126). 

Hence we may conclude that this range cannot be assigned to the 
Pyrenees \ — 

Only a few words are necessary with regard to tlic southern flanks. 

’ A. do Yarza, Deseripcidn I'isica y geologicade la Provincia de Alava, Mem. Com. Mapii 
geol. Esparia, 1885, 175 pp., map ; and Provincia do Vizcaya, op. oit.. 1892, 192 pp., map. 

** P. Termier, 8ur la structure geologique de la Corilillere cantabrique dans la province 
de Santander, C. R, Acad. Sci. Paris, 27 nov. 1905. 

® This view has also been expressed by Penck (Die Picos d’Europa und das Kanta- 
brische (Icbirge, Hottner, Ooogr. Zeitschr., 1897, III, pp. 278 -281); bo believes that the 
tectonic continuation lies in the Sierras de la Demanda, dt; Urbion, and de Moncaya. In 
the first of these the strike is east and west (Larrazet, Roclicrches geologiques sur la 
^•ogion orientale de la province do Burgos, &c., Paris, 1895, transl. in Bol. Com. Mapa 
Espana, 1895, XXII, pi). 121-143), while to the south towards Soria and Moncaya 
the s()uth*eaHterly direction of the Ebro makes its appearance (K. Chudeau, Contri- 
l^wtion a Tetude g^ologiquo de la Vieille-Casiillo : Thesis, Svo. Paris, 1896, 92 pp,, map). 
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Scarcely an3^thing need be added to the earlier descriptions Jjy de Margerie 
and Schrader, and of Mallada \ 

The south foot of the high mountains is bordered by a Mesozoic zone, 
chiefly Cretaceous and of no great breadth, which conies from the north- 
west ; to this the Cretaceous Fl^'sch of Sainte Engrcice belongs. It is followed 
by a broad zone of moderately folded Eocene, striking from Pampelona 
through Jaca and onwards (Zone de TAragon). This again is Ixiunded on 
the south by a fresh outcrop of Trias with ophite, and Cretaceous, which 
begins as a long and narrow strip between R. Aragon and R. Gallego, then 
proceeding north-east of fluesca it recedes irregularly towards the north, 
and next increasing in breadth and extent, once more reaches the Pyrenees 
on the upper Segra (Zone des Sierras). In this last part of its course it is 
formed of repeated arc-like fragments (Sierra del Monsech, 1,693 meters). 
In this way the ‘ Zone do TAragon ’ is closed in ttiwanls tin; south-east. 
This outcrop occurs in the north-west in the form of an anticline or 
a fracture, and some movement towards the soutli is still perceptible. 

The vallej^ of the Ebro is occupied by' Miocene deposits. 

nummary. In front of the Pyrenees lie two alien masses, that of 
Mouthoumet, \vhich is evidently' a part of the Montagae Noire, and that 
of Uabourd. It is surrounde<l by folds whicli are connected with- those of 
the Pjux'nees, Were it not for this fact we might easilj^ assert that the 
PyreneevS tenninate east of tlie Labourd and that this mass lies outside the 
Pyrenees. 

In contrast to the other younger European chains the Pyrenees clearly 
exhibit one iiiovement directed towards the north and another toAvards the 
south. Where these movoments iiuM.^t, a steep or more or less fan-shaped 
arrangement arises, and probablj^ sharp dislocation also, which, as we saw 
in the Gave de Pan, brings lower Devonian against AHa’an. 

Tlve effects of the movenient towards tJie north may be traced from the 
Var through the Avhole of Provence ; tliey are seen around tlie Mouthoumet 
and within its west border exliibiting flatfolding with Mesozoic sediments. 
The^" are manifest in the mass of the Roc de France through its course 
fixun the south-east of the Tech to the south foot of the Pyrenees. The 
great overthrusta of the nortli side of tlie Pyrenees (Trois Seigneurs, 
S. Bartli^lemy, &c,), tlie Petites Pjuenees, all the folds striking towards the 
nortli-west as far as Dax, an<l still further out beneath the plain the outer 
liorder of the Ba.sse8 Pyre^nees, which also surrounds the gneiss of Latourd, 
the Flysch zone of the Bidfissoa, the mountains of Biscaya and the nortli of 
Spain as far as the Picos d’Europa — all tliese also Indong to the movement 

* E. de Margerie et Schrader, Apercu de Ja structure geologi.((ue de8 Pyrenees, Ann. 
Club alp. fi*an 9 . (1891), 1892, XVIII, 65 pp,, map, pp. G05 et seq. One of the principal 
sources of information is still L. Mallada, Dc6Cri|>ci6n fisica y goologica de la Provinciadc 
fiuesca, Mom. Com. *Mapa geol. Kfipana, 1878, 439 pp., map. 
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towards the north. It was felt from Cannes to Oviedo. It was a general 
movement, perhaps associated with a syntaxis in west Guipuzcoa. Not 
only Monthouniet but Labourd also was set floating towards the north, and 
along with them, apparently, the whole of that part at present overthrust 
towards the south. 

The movement towards the south is very powerful but limited in 
extent. According to existing observations it begins on the Tech, at the 
vsoutli-east side of the Canigou ; soon penetrates deeply into the Pyrenees, 
then includes the whole breadth of the Hautes Pyrencjcs, flattens out on 
the other .side of Urdos, opens up the pinched-in synclino of Flysch in the 
direction of the Basses Pyrt%«^es, and dominates it up to its termination, 
with the exception of the northern border. Towards the south, in tlie 
forclying Cretaceous and Tertiary sierras, folding towards the south is also 
j)resent ; it flattens out, however, l)efore reaching the Ebro. 

This local limitation points to subsidence. This is also suggested by the 
fact that, at tlie bottom of the wind<jw near Gavarnie, Cretaceous lies in 
{uitochthonous .superposition on the lower Silurian, and thus afforded 
a denuded surface upon which a series ranging from the Campanian to the 
Kocene was deposited. 

It is easy to imagine tliat a mass iintlergoing movement towards the 
north and consecpiently at tlie same time in a state of stress would, if 
interrupted by a subsidence, resolve this stress in the opposite direction, 
that is towards the .south. This supposition would be in accord with the 
steep, fan-like disposition of the beds, otherwise hard to reconcile with 
ilio adjacent overthrusts towanls the north. 

At llie sfime time a truly puzzling fact must l>o taken into account. 

Tlie Pyrenees lie more deeply within the pre-Pennian structure of the 
Altaidos tlian any other of tlio younger chains of Europe. Tlieir so-called 
primary series consists simply of fragments of the Altaide.s. The .strike 
(W, ii(P N.) of the part moved towards the south coincides with the strike 
of Karpinsky’s lines (W.N.W. to N.W.). As in the case of those lines the 
intensity decreases towards tlie west-north-west, the .south limb is let down, 
and the movement, in contrast to the gonei'al northerly movomerit, is 
directed towards the south. These charactei’s we term Asiatic, whether 
tlieir occurrence in the Pyrenees is accidental or has a deeper significance 
can only be determined when the nature of the.so linos is known in greater 
dijtail. The fact that the movement towards the south terminates in front 
ol‘ the mass of the Roc de France docs not support the theory of relations 
with Asia.— 

The younger basic intru.sions of the Pyrenees are instrnctiv'^e with 
regard to other mountains. Tliat they have altered the adjacent rocks in 
the zone of contact has lieen demonstrated lieyond iloubtby Lacroix b 

' A.. Lacroix, Lea Phenomenes de contact do la Llier/olitc et do queli|ues Ophites dea 
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They occur here sometimes as rounded masses, at others as parts of 
dykes, and again as intercalations which may reach a length of from one 
to four kilometers. According to the detailed accounts of Carez, two 
groups of intrusions may be distinguished. One belongs to the lower lias 
and contains ophites only. The second ranges into the Gault and presents, 
in addition to ophite, Iherzolite, serpentine, diorite, peridotite, and anor- 
thosite (tlie latter as a dyke in peridotite *). 

Here then we find repeated the series of green-rocks which at various 
horizons occurs at Ivrea and in the Piedmontese Alps, in the salt-bearing 
Trias of the East Limestone Alps, in the Lepontine sheets, in the 
Apennines, and in north-cast Corsica, and in EHia, as well as throughout 
the whole course of the Mediterranean Atlas and the Betic Cordillera, from 
Tmiis to Gibraltar, and thence to the Balearic isles. Lacroix has shown 
that in the Pyrencas biotite-granite by absorption of limestone passes into 
peridotite with hornblende. In this work we start from the theory that 
by far the greater part of these green-rocks, along with the peridotites, 
were originally decp-scate<l rocks. This view is supported by tlie presence 
of nickel ores. 

Steinmann ha.s drawn attention to the fre<juent association of these 
intrusions with the Radiolarian shales of the deep sea, and has sought 
to discover some causal connexion between the green-rocks and the deep 
sea The association is no doubt not uncommon, and may 1 .h^ observed at 
localities remote from one another; and we shall have occasion later to 
mention also the frequent occurrence of highly basic rocks in the middle of 
the Oceans. In the Pyrenees, the south of Spain, and the north-west 
of Africa, however, they occur in sediments of a kind which is not known 
in the deep sea, and in these CJises the facts are not favourable to such 
a generalization. 

In Europe these green intrusions, or fragmentary traces of them, are b) 
be seen at hundreds of loe{vliti(^s within the regions of great dislocation 
which extend from the Wolfgang-See to the margin of the Sahara. We do 
not find them in the foreland either in the north or the south, and in 
Europe we regard them therefore as accompaniments of the tectonic 
movements. 

Pyren«es, Bull. Soc. geol. France, 189.5, 3*' .s(!!r.,VI,pii. 307-44G; Etude minerale de la Lhcr- 
itolite dcs Pyrenees et de ses pli^nomenes de contact, Nouv. Arch. Mas. hist. nat. Paris, 
1B94, 3" scr., VI, pp. 209-.S08, and Livret Guide, Congres internat. Paris, 1900, no. lib 
34 pp., in particular p. 16. In a particular case, Lacroix shows that ejections of lahra- 
dorite and andesite lavas made their iippcarancc within the llhaetic period : Lcs Tub 
volcaniques de Segalas (Ariege), C. R. Acad. Sci. Pari.s, 20 janv. 1896. 

’ Curez, Geologic des Pyrenees franfwscs,'!!!, pp. 1094 ct seq., in particular p. 1702. 

G. Steinmann, Die geologische Bedeutung der Tiefseebildungen und der ophio- 
litaschen Eruptiva, Ber. naturf. Ges. Freiburg i. B., 1905, XVI, pp. 44-46. 
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CHAPTER Vn 

LAURENTIA AND THE NORTHERN ISLANDS 

1. The Uniteil States chain. 2. Laurentia. Gveonlantl. 3, Islands of the north 
Atlantic. Iceland. 

1. TifE United States Chain. 

Far to the north, in Kenned}^ channel and Grant Land, Feildcii and 
de Ranee enconntored a folded inonntain ran^^e (II, p. 42). Mucli new light 
has been thrown upon it by the discoveries of Sverdrup and Schei in 
Eureka sound and Ellesinere Land b Low has combined these observation.‘^ 
with older ones, and has attempted a fresh sketch of the geological map of 
Arctic North America‘S. The range has l»een named the United States 
chain. We will now describe its principal characters, proceeding from the 
(Lxtremc north southwards. 

Aldi'ich advanced as far as the north coa.st of Grant Land ; mica-schists 
and inetamorphic rocks are marked there on tlie map; tlie Challenger 
rangej liorders this coast. 

The north-east of Grant Land is a rias C(.>ast. BctwiKUi Markham tjord 
and Feildon peninsula (cape Joseph Henry, lat. 82' 42' X.) mountains of 
considei’ablc size strike out to sea in an eivst-north-east direction. They 
consist of upper Carl)oniferou.s (ami Devonian '?). Fairly high mountains, 
such as mount (Jmnt (4,900 feet = 1,500 meters), mount Cheops and others, 
join tliom towards tlie interior, and it is doul>tless here that the greatest 
lieights of this northern chain occur. It is not impos.sible that the rocks 
oi the north and of Heiberg island (long. W., lat. 8U 22' N.), which are 
proliably Carlxanferous and are traversed liy intrusive rocks, correspond to 
the south-westerly continuation of this chain 

In tlic north-east of Grant Land, Feildeiis Rawson l>ed8 make their 
appearance, a thick series of sediments whicli in all likelihood must lx* 

' A. (i. Nathorst, Svenlrup’s Polar Expoilition, 1898 1902; Viiior, 1902, pp. 529-534. 
map; 0. Svordi-ui>, The second Norwegian Polar Expedition of the Frum. and P. 8choi, 
Nummary of Geological Results, Geogr. Journ., 1903, pp, 38-69, and map; further, 
P. Schei, Preliminary Uepoii of the Geological Observations made duiing the second 
Norwegian Polar Expedition of the Fra ml op, cit. tom. cit. 

^ A. P. Low, Report on the Dominion’s Government Expedition to Ifiubson Bay and the 
Arctic Islands on board the I). G. S. AVp/nnr, 1903 1904, 8vo, Ottawa. 1906, 355 pp.. 
Jnap. Here we may also refer to the beautiful map by Peary in Bull. Am. Geogr. Soc., 
1903, XXXV (to p. 496). 

^ E. Etheridge, Quart. Journ. Geol. 8oc., 1878, XXIV, pp. 612-635. Also the observa- 
tions by Tsohernyschew in Mfin. Com. g<^ol. Russio, 1902, XVI, p. 690 et seq. 
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correlated with the Trias of tlie south-west, as Schei also conjectures. They 
strike across from cape Bryant in north Greenland, and extend along the 
east side of Robeson channel to Polaris bay. West of the channel they 
crop out again in steeply upturned folds, and form cape Rawson, Bhick capo, 
ttc., as well as the whole of the west coast as far as Scoresby bay, where 
they meet the foreland, that is, the Palaeozoic belt of tlie Canadian shield. 
The lx)undary evidently runs obliquely through the channel from Polaris 
bay to Scoresby bay. 

Lady Franklin sound with Archer fjord, and next Hazen lake and 
Greeley fjord, wliich opens towards the west, probably lie in the strike 
of the mountains, 

Schei describes folded formations from the north side of Greeley fjord, 
where species of Daonella and Ilalobia have i)een met with. The IVias 
extends on both sides of Eureka sound ; Kittl describes Trachyceras from 
Sclieis collections made in Bay Ijord, and Protrachyceras and Halobia 
irom Bear peninsula h On the south side of this peninsula upper Carlx)ni- 
ferous crops out. As we proceed further towards the west the accounts 
become less detinite. Little is known of Sverdrup arcliipelago. The 
country lies lower, and Schei l)elieves that the folding is not continued into 
Heil>erg island. We know nothing of the interior, liowevor. 

The Trias of Eureka sound is an alternation of limestone and shales, 
witli numerous sills, as is so commonly the case in regions towards the 
north, as for instances in Verkhoiansk. 

As affording some support to the notion that Sverdrup archipelago 
belongs for the greater part to tin* Trias, we may arlduce the fact tliat 
iMcClintock observetl isolaterl patches of Jurassic dvjposits on the opposite 
coast of Parry ai’cliipelago (as sliown for example Ijy ffarpoceras found at 
Wilkie point, Prince Patrick LjukI, lat. 70 20' N.)« Trias, however, has 
never been observed there, ami the .sul)structurt‘ appears to 1)0 the tlatly 
bedded Carboniferous of the Sliield (II, 40, tigs. 4 and 42)-. 

While all these (pjestions remain open, there is at the Siune time no 
‘ioubt that here in the nm th tlic Shield encounters a Aleso/.oic scries other- 
wise foreign to it, and l>eneath this it plunges out of siglit. In like 
manner the existence has be‘cn established of a fragment of folded moun- 
tains which extends with a south-west to west-south-west strike at least 
as far as Greeley ijord, and over Kennedy channel down to Scoresby bay, 
and this, judging from the arrangement of its rocks (mica-schist in the 
Challenger mountains) is foi«Ied towards the south, so that the Shield plays 
the part of foreland. 

K Kittl, Die Triaftfossilien von lleureka Sund, Report of the second Norwegian 
Expedition of the Fram, 1898 1902, no. 7, Hvo. Kristiania, 1907, 48 pp. 

* »Sa)ter, in iJelchor’s travels. Tschc’riyschew conjectures upper Carboniferous* 
Accordin;:' to the lids upper and lower Carboniferous may well be present. 
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This folded range presents the characters of the Asiatic arcs, and may 
he regarded as a terminal part of the Asiatic structure extending across the 
North Pole. 

Miocene beds containing leaves are met with here and there ; they lie 
horizontal. 

2. Lauuentia. 

That vast region of North America which is formed of ancient rocks 
overlain by horizontal Cambrian sediments has received the name of 
Laurentia. It comprises the whole of the Canadian shield ; but if we are 
to regard it as a tectonic unit, we must include the whole of th(‘, flat- 
l>edded superstructure up to some natural Ixmndary^. Such a boundary 
is presented by the Rocky mountains, the United States chain, and, for 
nearly their whole length, the Appalachians also. Tlic Colorado plateau, 
a fragment of tal)lc land, bouiidi'd on the east Ijy the southern branches of tlui 
Hooky mounhiins, ought also, perhaps, to be regarded as a part of Laurentia. 

In the south, Laurontian rocks crop out in tlie Ozark mountains. Then 
they reappear outside the Appalachians in Burnet county (Texas), and in 
these, as in the north, the gneiss is overlain by horizontal Potsdam sand- 
sUaie. Still further towards the south-west, borings have revealed granite 
l>eneatli th(3 Cretaceous of tlie Plateau (IV', p. 79). Tlius Laurentia, grow- 
ing gradually narrower as it i>roceeds southwards, extends as far as lat. 30 ' N. 
and even still further south. 

In the north, the lower Silurian Trenton limestone extends in isolated 
|>atches across the l)roadcst part of the Shield in a flat transgression. 

In Minnesota the lower liorizons of the Silurian are seen to disappear. 
In Manitoha, accorrlingto Dowling’s observations made on the south border 
of lake Winnipeg, the abraded pre-Carnbrian fohls are directly overlain by 
a light-coloured sandstone, with obvious false l)edding, and upon this rests 
tlie tliick Trenton limestone, followed by the Utica licds. Only these two 
members of the lower Silurian are represented liore Much further north, 
on the river Talzoa^ south of lake Doobaunt (lat. 62-63" N.), about 500 kilo- 
meters west of the north-west shore of Hiulson bay, Burr Tyrrell found an 
isolated patch of Trenton limestone in the midst of the aiicient rocks of the 
Shiedd Another great patch of the same kind is mentioue<l by Bell on 

' bawsoTi, Note on fclio l*re'l\ilae<)7.oic Surface of the Archaean Terraiic of Caiiinla, Bull. 

Soc. Am., 1800, b pp. 163-173; A. U. Wilson (The Laurentiaii rtMieplain. Journ. 
6eoI. Chicago, 1903, Xt, pp. 615-669) gives a list of the works dealing with this subject. 
Por details concerning the dipping beneath the Potsdam Sandstone : S. Woidman, The 
Pre-Potsdam Peneplain of the Pre-Cambrian of North Central Wisconsin, op. cit. tom. 
cit., pp. 289-313. 

■ D. H. Dowling, Report on the Geology of the West Shore and Islands of Lake 
Winnipeg, Ann. Rep. Geol. Surv. Canada, new ser., XI (1S98), 1901, F, pp. 34, 62 et seq., 
map. 

^ Burr Tyrrell, Expedition through the Barren Lands of North Canada, Geogr. Journ., 
1894, IV, p. 443, map. 
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the lower course of the Nelson river as it approaches the south-west side of 
Hxidson bay In this southern region of the Sliield, where the Potedam 
sandstone marks the beginning of deposition, the Trenton limestone starting 
from the north of the St. Lawrence above Quebec, encroaches upon all the 
older horizons for a long distance towards the north, till it rests directly 
upon the pre-Cambrian rocks These sediments lie horizontal, in so far as 
they are not disturbed by faults. 

In the east the case is similar. 

The island of Akjxttol', situated in the bay of Ungawa, which is sur- 
rounded by Archaean rocks, consists of Trenton limestone ; Whiteaves has 
investigated t}\e fossils and pointed out their resemblance to those of 
]\Ianitoba‘\ An important contribution to our knowledge of the Silurian 
has been furnished by Schucherts studies*. At the head of Frobisher bay 
(in lat 63° 44' N., Jong. 68° 56' W.) lies ‘Silliman*s fo.ssil mount' dis- 
tinguished by the abundant presence of Trenton fossils. It is an insignifi- 
cant horizontal patch resting on dark mica-schist. Then these same beds 
broaden out over the vast lake-l)asin.s of south Baffin Land, where Boas 
collected fossils from them, and they surround a large part of Fox channel. 
Now we approach the Vx>rder of the Shield, In norUi Somerset finely 
stratified sandstone is seen beneath the Trenton limestone ; in other parts 
of this region the Trenton stage rests directly on the Archaean rocks. 

In the north the l)ordcr is more complex than was once sup[K)sed. It 
attains a considerable breadth on the west in its course from Prince Albert 
Land tlirough Melville island. The Parry islands, as is well known, con- 
sist chiefly of sandstone with Coal measures (II, p. 41), and this is followed 
towards the north by Carlx)niferous limestone containing abundant fossils. 
On the north the Carbonifei’ous limestone is overlain Ijy patches of Jurassic. 
Towards the east, in north Devon, the belt becomes narrower. Tlie pre- 
Cambrian substructuro advances towanls the north across Jones sound, aral 
also forms the wliole of the soutli-east part of EJlesriiere Land as far as lat. 
79° N. Tlie southern part to about long. 84'" W, also Ixdongs to it. As the belt 
becomes narrower, the formations w- hicli occur on its outer or northern side 
disappear. On Jones sound Schei <listinguishes lower Silurian, upper 
Silurian, marine Devonian, and finally Devonian sandstone, from which 
Nathor-st described magnificent frond.s of Archaeopteris ^ The Erian 
armoured fish (Ostracmlerms) are alst) present. The Carboniferous of the 

' R. Bell, Rep. Geol. Surv. Canada, new «cr., XI, 1?)01 (1898), M, p. 16. 

® Explanation of the sheet Three Rivers (Eastern Townships Map) by R.W. Ells, Supple- 
ment to Ann. Rep. GeoL Surv. Canada, new ser., XI (1808), 1001. 

■' R. Bell, Sunim. Rep. Geol. Surv. Canada, 1897 -1808, p. 8*2. 

* C. Schuchert, On the lower Silurian (Trenton) Fauna of Baffin Land, Proc. Nat. Muh. 
U.S.A., 1000, XXII, pp. 14.3-177, 

^ A. C. Nathorst, Die oberdevonische Flora des Ellesniere-LandeH, Report of the second 
Norwegian Arctic Expedition, no, 1, 22 pp., map. 
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Parry islands has disappeared, unless we may regard the upper Carboni- 
ferous limestone on Bear island as its last representative. Further north 
the pre-Carabrian of the Shield advances so far that at the bottom of Bay 
fjord (lat. 79° N.) it actually reaches the waters of Eureka sound on the 
west side of Ellesmere Land. 

On the east side, in the Kane basin, Schei came upon Cambrian beds 
with Anomocare and several subdivisions of the lower Silurian ; they occur 
in Bache peninsula, Borman biockyer island, and as far as cape Prescott 
(lat. 79' 10' to 79' 30' N.). Further north, collections were made by 
Feildcn; they have been described by Etheridge. We will only mention 
that abundant upper Silurian fossils were collected as far north as Offley 
island (lat. 81° 16' N). In lat. 81° 6' N., Bessels bay, Bronteus flahellifer 
was tound; in lat. 81° 40' N. a graptolito was obtained from the Drift, and 
in lat. 82' 30' N. a Pentamcrus was fotmd. 

The, sc latter finds were all made in Oreenland. 'The broad Palaeozoic 
licit which completely .surround.s the Shield in the .south and west, and 
with the same flat lieddiug Ixirders it on the north from Banks Land 
onwards, passing in Ellesmere Land into the north-ea.st direction, advance.s 
across Kennedy channel and Hall Land without any doubt further and 
fuither into Greenland (II, pp. 44, 72), Thence onwards it i.s acconi- 
piinicd for .some di.stance in the north by marginal fragments of the 
Uiiited States chain; on the other side of cape Bryant such fragments 
are not known, and the coasts of Nares Land and ILizen Land, with their 
numerous fjords, up to the extreme north of the adjacent islands, that is as 
far as Peary’s capo Morris ,le.sup (lat. 83° .50' N.), probably belong to the 
liorder or to the pre-Cambrian rocks of the Shield itself. 

The east side of Kennedy channel is alone sufficient to show that 
GrcmlaTul is a /xt rt of Laurentia . — 

We must not fail to oliservc the extraordinary breadth maintained by 
the pre-Carabrian range within this common lioundary as it makes its 
advance to the sea. 

On the north aide of the Belle-Isle strait a strip of Cambrian, cro.ssiug 
over from Newfoundland, rests horizontally upon the gneis.s. It belong.s to 
an older stage tlnm the Potsdam sandstone, with which the border of the 
Shield begins elsewhere in the south \ It extends into the neighbourhood 
of cape Charles, in about lat. 52° N. ; cape Cixinperdown, part of Bache 
peninsula, where Schei found lieds containing Cambrian Tribolites above 
the granite, marks the inner margin of the northern belt, and lies in 
lat. /9 6' N. The distawe between cape Cha^ies ami Camperdown 
tkvs amounts to more than 27 degrees of latitude. 

The sixtieth parallel run.s nearly througli cape Chudley in north 


' Walcott, Bull. U.S. Geol. Surv., 1891, no. 81, pp. 50 and 253. 
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Labrador and cape Farewell in south Greenland. In Librador the ancient 
formations face the Atlantic Ocean for eight degrees of latitude. Thence 
onwards the coasts of Greenland lie opposite to them; but although 
Hudson bay is scarcely more than 200 meters deep, no bottom was 
reached in the middle of Baffin bay at a depth of 5,250 meters. For this 
reason Boas explains Baffin bay as a true inbreak. Daly luis published an 
excellent summary on the coast of Labrador and from this we may extract 
tlie following observations to complete tlie account we have already given 
of Hudson bay (II, pp. 30, 31). 

On the south gneiss makes its appearance. In lat. 55” N., on the 
promontory of l\rirdadlnh, the gneiss is covered by an extremely thick 
mass of pre-Cambrian conglomerate, with a quartzose cement; tliis is 
involved in the pre-Caml>rian folding of the gneiss, aiul sojiiewhat further 
north, in Aillil: bay, we meet with quartzites showing similar relations. 
Still further north we reach the great mass of gabViro which surrounds tlnj 
bay of Nahi and furnishes the iridescent crystals <:d‘ laljradorite to our 
collections. From this point the Kiglapait range advances towards the 
sea; its direction is east and west— that is, opposed to the general strike; 
it probably consists of basic eruptive rock, possibly couresponding, along 
with the mass of Nain.to the great masses of gabbro, situated much further 
to the west on tlie u{>per branches of tin; Kok^oak river ^ which have been 
made familiar to us by tlie descriptions of L>w. Then we re^ich tlie moun- 
tain group of Kaumajd (1,2(X) meters) with precipitous cliffs dcsceruling 
to Mugford harbour (about lat. 59'" N.); only tlic lowest part of these, 
however, consists of gneiss. Alxive this follows a flat intrusive dyke of 
di<il)ase, and then, alternating with l»asic rocks, come scliist, quartzite, 
and limestone. The ujiper part of the cliff is formed of Viasalt, and Iximbs 
lie on the slopes; hero we are already in the region of the Greenland 
V»asalts. We now reach tlie highest range of the east coast of North 
America, Torngat, the range of evil spirits (2,200~2,3CK) meters— according 
to other estimates as mucli avS 3,000 meters). It is extremely wild, broken 
up into jagged peaks ; on the coast only biotite gneiss and crystalline 
schists have been oliserved ; towards the interifu; Adams has also found 
table mountains formed of uncitmt sediments like those of Mugford 
harbour. Cape Chudley is an outlier of this ancient ningo. Those heights, 
as already pointed out, are ol particular interest, since they arc the remains 
of a relief which is older than the Cambrian period. It is possible that 
the sediments of Mugford harbour will some rlay lie correlate^! with 

' Bouh. Priterm. Mitth., Ergaruungsheft no. 30, 1:185, p, ,39; R. A. Daly, The Geology 
of tU‘ north-east coast of Labrador, IhilL Muh, Comp. Zcol., 1902, XXXVIII (Geological 
Sffrioi, \ , no. o), pp. 205 270, maps ; also A. S. Packard, The Labrador Coast, 8vo, New 
lork. 1891, 514 pp., rnap^. On p. 504 thin author pats forward the theory that the 
Tjord/i arc I roughs. 
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the Torridon sandstone of the western Hebrides, which lies almost in the 
same latitude. 

Both coasts of Iluchofi strait arc described in the works of Low and 
Bell b There are no hills of any coasiderable height, and in general the 
dominant characters are tliose of the Shield. The Hat Silurian island of 
Akpatok has already been mentioned. Tlu3 north coast of the strait is 
distinguished by thick beds of crystalline limestone, in which dark 
graphitic gneiss is intercalated. In the region between lats. 62"' 45' and 
64*" N. Bell counted twelve of these beds with an average thickness of 
660 meters; tlio limestone contains garnet, pyrites and white felspar-. 

Greenland. Archaean rocks and basalts with intercalated plant-bearing 
l)cds, which range from the lower ('rctaceous into tlie Tertiary, make their 
appearance on the w’cst coast. Between lats. 7(r 15' and 70' 45' N. a 
marine intercahition of Senonian als<j occui*s (II, 73) 

On the east coast, between lats. 72'' and 74’ X. (J.I, 72), Xatborst 
has succeeded in showing the piesencc of a superposed Palaeozoic series, 
which, althougli cut through by faults, resemldes a fragment of the lx)rder 
of Laure>ntia 

(-ape Dalton (lat. 69" 21' X.) has attbrded a surprising discovery. 
0. Xordenskjiild found tliere marine fossils, in wliich Pawn recognized 
'lertiary speci<ts of West European type. They pi'obably corrcsspond with 
those of Ibxdistettiu' foreland antJ Spitzbergen \ 

' A. F. Low, Heport on an Exploration of part of the South Shore of Hudson Strait 
and of Ungawa I3ay, and K. Bell, lleport of an Exploration on the North side of Hudson 
Strait, Ann. Bop, (Jecd. Surv. Canada, now scr., XI, 189S, L and M, 47 and 3s pp. ; 
hnthor, Low, op. eit., l‘J00, XIIl, 1), S4 ]>p., and Dl) 31 pp., maps; also Steinmann and 
Bricking, Zur (ienlogio des Cunibtirlandgolfes, in Krgebniss der deutschen Folar-Expedi* 
tion, All^enieiner Theil, 11, no. 0, 11 ]>p. (according to collections by Dr. Boas). 

‘ For the west coast of Baltin Bay also, Steinmann and Bheking, Zur (Ljologie des 
Cumbeiiiindgolfcs, Ergebniss der deuUohen Polar-Expedition, 11. no. 6, 11 pp. The data 
n ferring to the oust coast between latitudes 69' ami 73' W'crc coliocted by M. Belowsky, 
Bcitriigc zur Petrogiaphie dcs westluhen Nord-Grbnland, Zeitschr. dciitsch. geol. Cos., 
1905, LVIIl, pp. 15’:92. 

Stanton, in David White and C. Scluichert, Grotaccous series of the we.st coast of 
Crifcnland, Bull, Gool. Soc, Am., 189S, IX, pp, 35G and 360, ooutirms the Senonian age 
iuid sees a resemblance to certain species of the Fort Pierre stage of the United States. 

^ A. (I. Nathorst, Bidrag till. nordS.stragn'Jnlands Geologi, GcoL Fdron. Stockb. Fdrh,, 
1901, XXllI, pp. 275-306, map ; also TvA Soiurar i Norra Ishafvet, 2 vols., Svo, Stockholm, 
biOO ; and A. Smith-Woodward, Notes on some upper Devonian Fish rearains discovered 
by Professor Nathorst in East Greenland, Bihang k. Vet. Akad. Handl. Stockholm, 
PlOO, XXVI, iv, no. 10 ; for the Jurassic, also B. Lundgren, Meddcl. Gronland, 1S95, XIX, 
pp. 191-214 ; further, Madsen, op. cit., 1904, XXIX, j>p. 157-210, map, and Freeh, op. cit., 
tom. cit., pp, 279 285. Aceoixling to Freeh, Caryoctatis yranatum. a fossil of the lower 
Bilurian of Russia, was found on drift-ico in East Greenbiud, Lethaca tioognosUcii, 1897, 
P. p. 89, note 2. 

J. P. J. Ravn, The Tertiaiy Fauna at Kap Dalton in East Greenland, McddcL GrCn- 

Ivnd, 1004, XXIX, pp. 03-104. 
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The south side oF Scovesby sound (lat. 70® 20^ N.) consists of gneiss, 
covered by basalt, and in the inner ramifications of this sound Ryder 
encountered only Archaean rocks, with here and there sandstone of un- 
<leterniined age ^ The same ancient rocks, cluefly gneiss, also form the 
shores of the inner arms of all the fjords far up to the north, and probably 
the greater part of the sul>.structuro of the wliole of Greenland. On the 
north shore of Scoresby sound, however, l»etween long. 22’ and 23'’ W., 

Ihirry inlet, long narrow bay running the north; cape Stewart 
marks the west side of the entrance. From this locality E. Bay describes 
sandstone w'ith Rhaetic plant-remains, Jurassic Avith marine shells, shales, 
basalt, and siindstone. The saim.' series forms the whole of the west side ; 
the eavst side consists of gneiss (lat. /(f 30' to 71" 30' N.), which appears to 
be separated from the gneiss masses of the interior. Nathorst regards 
Hurry inlet as a meridional fault with a downthrow to the Avest; on one 
of the Farne (lat. 7 if 60' X., at the head of Hurry inlet) he mot 

Avith an eruptive rock, which, according to Backstrom'.s deUunii nation, is 
Monchiquite. The Jurassic of Hurry inlet seems to make its appearance 
again much further to the nortli, at the entrance to Oscar's fjord (lat. 72° N.). 

We now roach the Palaeozoic rocks Avhich strike across most of the 

r 

fjords as far as lat. 74° X. Tlie Avest, i.e. all the inner arms of Oscar's 
fjord and Franz-Josef fjord, is formed of pro-Cambrian rock striking 
nortli and south. The Silurian, Avhicli follows it towards the east, shows 
some folding, tlujiigli it is not c(U'tain that tins may not have iMjen produced 
by dragging ‘-2. 

To the north, a fault running north an<l south separates the Silurian 
from a zone of Devonian Avbich follows it on the east. To the east of this 
again, in the narrow ladt which separates it from the open sea, a long zone 
of basalt sets in. On ra./>e J\frry (lat. 72 30' X,) Dusen oliserved rocks in 
which Biickstrom n;‘cognized Aegyrine-syenite and a rock (Solvsbergite) 
resembling Tinguaite ; he iissigns these to the same petrographical province 
a.s the Fame islands. On rape Franklin (lat. 73' 15' N., at the entrance to 
Franz-Josef fjonl) and at the head of Musk Oxen Ijord (lat. 73° 42' N.) 
granite A\*as met with. Since the thick Silui ian (.h>os not reappear to the 
east of the Devonian at thestt tAvo localitic*s, we must suppose that the 
Devonian is cut ofi' on tlie east by a meritlional fault All the points 
mentioned above, however, the eruptive rocks of the Fame islands and 
cape Parry, and the ancient granites of cape Franklin and the Musk Oxen 
fjord, although distributed over no l*:ss than three degi‘ees of latitude, lie 
on the same meridional Hruf between long. 22’ and 22° 3(/ W. Nathorst 

‘ C. Ryder, Den Gfitgrunland.ske Expedition ndt, 1821 '1892, 3 del, Meddel. GrOnlaiid, 
XIX, E. Bay, GeoJogi, pp, 145 -187, map. 

‘ Fiobably folding in a trough.* The Devonian, however, exhibits no folding, 
that of -he Silurian may he p re- Devonian. 
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conjectures that the Jurassic outcrops of Kuhn island (lat. 74"* 45' N.) are also 
let down in the gneiss. The same observer draws attention to the distribu- 
tion of the basalts over a long zone following the coast, and from this fact 
wc may conclude that the structure of this coast also must have been 
afiected by meridional subsidences. Cape Bvoer Ruys (lat. TS'' 30' N.) is 
regarded as an ancient centre of eruption. 

Here for the first time, on the east coast of Greenland, the characters 
which may te regarded as distinctive of lAurentia vanish )>enoatli the 
Ocean. Laurentia extends from south Texas to the Arctic Ocean through 
53 or 54 degrees of latitude, and from the mouth of the Mackenzie 
to the east coast of (ireenland through more than 110 degrees of longitmle. 
It is not known, however, whether the Palaeozoic sediments of eastern 
Greenland arc really part of the marginal belt, or a downthrown fragment 
of the ‘roof', or a Caledonian fragment. Nor do we know how far the 
ancient rocks of south Greenland and Lxbrador extend l>enoath the 
Atlantic Ocean. 

Laurentia is a very ancient unit. It behaves (o'ivards all the younycr 
folds as a foreland. 

Nevertheless, the structure of laurentia is by no means uniform. 
In those places where the pro-Cambrian liasement has been studied in 
detail, as, thanks to the almndant presence of metalliferous ores, is the 
case, for example, in the regions around lake Superior, a diversified series 
of sedimentary iwks with various foldings, unconformities, and trans- 
gressions has boon revealed lying above the oldest gneiss an<l granite and 
beneath the Cumbrian beds. The work already accomplished in this 
region, a.s well as the magnitude of the problems which still remain 
unsolved, may be seen from the writings of Van Hise, Shirley Bailey, and 
Lloyd Smith on the mineral region of Marquette in Michigan L 

Amidst so much that is unknown, it remains in any case certain that the 
b»](ls of Liurentia were for the greater part already worn down before 
the Cambrian period, or at leiist l)eforc the Potsdam sandstone, and that 
tlicir strike is as completely independent of the strike of the Appalachians 
as it is of the western Cordilleras. 

In tlie Man|uette region, mentione<l al>ove, an cast-and-west strike 
prevails ; and tin? (juestion arises as to whether irregularities in the surface 
of the oWest gneisses may nv)t bo the cause of l>roa<] transvei'sc folds. The 
p<.‘ninsula of Keweenaw advances towards the middle of lake SujHirior in 
the direction of Michipicoteii island in the form of an arc. It is probably 
part of a trend line, for the whole region surrounding the lake on the west 
characterized by a soutl\-west strike correspemding to the course of the 

* L. \l. van Hise and W. Shirley Hailey, The Marqur^ttc Iron*bearing District of 
including a chapter on the Republic Trough by H. Lloyd Smith, Monogr. 
h Oeol. Surv., im, XXVIIL m pp., Atlas. 

itOU.AS IV S 
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arc, and it seems as though the same arc might dominate all the land 
between lake Winnipeg and Hudson bay. 

In Laibrador the prevalent pre-Cambrian strike is north-west or north- 
north- west, it is the same in Hudson strait ; in western Greenland, on the 
other hand, the strike is said to be north-east, and about the great fjords 
of eastern Greenland it is north and south. But much work remains to be 
done before a coiTclation of the data can be attempted. 

Greenland is a horst standing between subsidences of different age. 
The Mesozoic seas are represented in the east by Trias and Jurassic sedi- 
ments of Arctic character, in the west by the upper Sonouian transgression 
{II. p. 294). At the same time the horst is a fragment of Laurontia. How 
far its Laurentian rocks are continued bcncatli the Ocean is, as we have 
seen, not known, but it is not impossible that they may reach the western 
Hebrides which lie in the latitude of Labrador. 


3. Islands of the Nouth Attantic. 

Having obhiincd some knowledge of Laurontia, let us now consi<ler 
Nansens beautiful bathymetrical chart of the north Polar sea, or 
Hudleston’s dovseription of the coasts of western Europe L Towards the 
north, near hit. 80®, the sea is narrowed by a plateau advancing from the 
east. Except in a few localities this maintains a height of 200 meters. It 
includes Spitzliergeri along with King Charles Land, Franz-J«jsef Laml, 
Hope island and Bear island (II, p. 66), All the islands have a tabular 
structure, except where they are formed of pre-Devonian rocks ; they lie 
between the branches of the Uralides, and we may justly regard the plateau 
as a continuation of the plain of the Petcliora“. From the i;>aso of 

' F. Nansen, The Norwegian North Polar Expedition, .Scientific KeBulls, 1904, vol. IV, 
pi. I; W. H. Hudleston, On the East Margin of the North Atlantic basin, Geol. Mag., 
1899, dec. IV, vol. VI, pp. 97-105 and 145-157, maps. 

* For the strati gitiphy, K. T. Newton and J, J. H. Toall, Hocks and Fossils from Franz- 
Josef Land, collected by the Jackson-Harinflworth P]xpedition, Quart. Journ. Oeol. Soc., 

1897, LIII, pp. 477-519 and G46-fiGi ; R. Koettlitz, Geology of FranzJosef Land, op. cit., 

1898, LIV, pp. C20-G45 ; F. Nansen, The Norwegian North-Polar Expedition, 1893-189G, 
Scientific Result.q, II : J. F. Po m peck i, .Jurassic Fauna of Cape Flora* Franz-Jozef Land, 
with a geological sketch by F. Nansem, and op. cit.. Ill, A. G. Nathorst, Fo.ssil Plants 
from Franz-Josef Land ; further, Ilidrag till Rung Karls Lands Geologi, Geol. FGriin. 
Stock. FGrh., 1901, pp. 341-1:^78; Poiiipecki, Marine Mesozoic of King Charles Lind, 
K. Svenska Vet. Ak. Fi’jrb., 1899, pp. 449-4G4 ; G, de Geer, Rapp, om d. Svenska Geolo- 
giske Expedition till Isfjorden, Ymer, 1806, pp. 2.59 266; A. Smith-Woodward, Fisk' 
remains collected in Spifczbergen, Dihang Svensk. Vet. Ak. Ilandl., 1900, XXV, afd. IV. 
no. 5, pp. 1-5; J. G. Andersaon, Stratigraphic und Tekto/iik der Bilren-Insel, Bull. Gcol. 
In.'l. Lfiiv. Upsaiu, 1899, JV, pp. 243-280, map; Nathorst, NAgra Upplysningar till den 
nya KrLftcn ofver Beeren Eiland, Ymer, 1899, pp. 171 185, maps; Nathorst, Zur fossikui 
liOia r Polarlander, 4to, 1894 -1902. Be Geer thought he observed folding on the 
fjoiii in i'^pitzbergen (op. cit., p. 263). NathorsV asenbes the»e movements to dniggujg 



NORTH ATLANTIC FRACTURES 


259 . 


CH. VIl] 

the Mesozoic onwards the stratified succession resembles not that of tlie 
north Atlantic, but of the polar regions and the north Pacific Ocean 
The most surprising fact, however, is the occurrence of marine shells of 
Miocene type both in Spitzbergen and east Greenland (I, p. 288 ; II, p. 73). 

This plateau is a fractured area; the islands which are known in 
greatest detail are cut through by faults with a prevalent north-and-south 
direction. Tlie dislocation of Wijde Bai in Spitzbergen (II, p. 68, fig. 8) is 
older than the upper Devonian. Traces of the Caledonian system possibly 
exist. Two faults, one with a strike to north-north-west on )Swedish 
promontory, and another with a strike to north-north-east in King Charles 
Land, are, accortling to Nathorst, younger than the Neocoinian and ohler 
than the flora with Ghiho duiitata. Other faults are later than the Tertiary 
flora. Tlie subsidences have thus occurred at different periods. The entire 
plateau, however, seems to break off along an almost straight line which 
runs from about lat. 80^ N. towards the south-south-east. This fracture 
lies not far w’est of Spitzbergen, and only terminates a little south of 
lat. 70" N., in tlie immediate neighbourhood of the Norwegian coast, i. e. 
north of the Lofoden islands, where the last remains of the polar sediments 
are let down along a fault, with a throw, as estimated by Vogt, of 
400 meters at least.’' This fault strikes north-north-east in accordance with 
the direction of a considerable submarine cliff which has been traced 
b(‘tween hits. 64® and 68' N. Similar facts are afforded by the coast of 
Greenland. In that region wq liave become familiar with nnnidional 
fractures which cut tlirough the crust from lat. 70® 30' to 73 or 74® N.; 
there also a steep submarine cliff occurs, wliich strikes to the south-south- 
M'est, nearly |mrallel to the coast. Off Franz- Josef fjord and cape Broer 
Rays in particular, the sea l>ottom sinks rapidly from an eilge at 100 meters 
ilowii to 2,400 meters. Between the east-aud-west slope there are long 
intervals, situated in the meridian of Greenwich and west of it, which lie 
below 3,000 meters. 

To the south-west and south-soutli-west of these abysses lie the volcanic. 
idandsy first Jan Maycii, next Iceland and the Faroes, then further away 

along Fossilo Flora. I, pp. th 10. The lowest stage on Boar island is upper lower 

Silurian (bindstruiii, Ofvers. K. Vet. Akad. F. llatidl., 1809, pp. 41-47) ; tliis is covered 
iniconfonnahly by upper Devonian with Holoptyehius and ArchucopO: rii^ hihmica, 
idle lower Carboniferous is absent. A stage with Athyris amhigua is assigiicvl to the 
'iiiddle Carboniferous ; this is follow'ed by several stages of the uppi'r Carboniferous, 
which also contain indications of intervening transgressions ('rschernyscliew, Com. 

geol. RuBsie, XVI, 2, p. 687), and above this marine Trias (J. Bolun, Zeitfschr. deutsch. 
fTcol. CIcR., 1899, p. :^25). 

^ *b F. Pompecki has aUenipted to fletcrminc the outlines of this sea, Auccllcii und 
Aucellon iihnlichc Formen, N. J. f. Min., Beil.-Baud XIV, 1901, pp. ;U9-3()8, map; also 
Aucellen im fnlnkischeii Jura, op. cit., 1901, 1, pp. 

J. n. L. Vogt, Sundre Helgeland, Norges Geol, Uiidersug., no. 29, 1900, 17B pp., ami 

^^'‘^pa,mp;uU..u\arpp.4 8. 

S 2 
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St. Kilda and Rockall \ and finally, in a peculiar trough, the islands of the 
inner Hebrides. Towards the east and south lies the mainland with its 
islands, the Lofoden, Shetlands, Orkneys, and others. 

The steep descents to great depths which occur in the north have been 
regarded by Hudleston and Vogt as due to tectonic causes. Although an 
exaggerated impression of tliis steepness is given l>y the usual methods of 
representation, yet in places.it is reall}^ considerable. The generally flat 
bedding and the concordant character of the sediments in east Greenland 
and Spitzbergen, as well as the frequent occurrence of more or less 
meridional faults, and the corresponding direction of the great abyssal 
de{)ths, lend probability to this view. 

The extreme north is characterized far and wide by tabular flows 
of basic lavas. In Sil:)eria they make their appearance far to the south of 
the amphitheatre. They approach from Mongolia, rest on the summits 
of the Tunkin Alps, in the depressions of Nishni Udinsk and Kansk, and 
at numerous localities in the tableland, from the Yenisei in the west to the 
meridian of 110^ in the east. Sometimes they form the summits of the 
Goltzi, and are older than the valleys ; at others they have flowed down 
into the valleys. On the Angara they probably date back to the age of 
the Tungusian flora (lower Gondwdna). 

From the lowermost part of the Yenisei, and from Dickson’s harlxnir, 
these flows are continued to Franz-Josef Land, where at least a part 
of them is of Jurassic or louver Cretaceous age. The lavas and dykes in 
Swedish promontory are to be referred to the same period, and probably 
also the closely related clial)ases of Stans promontory, Hinlopen strait, and 
other parts of the archipelago of Spitzbergen*. It would seem that in 
these tabular islands no flows of Tertiary or later date have as yet been 
certainly recognized. The case is different in the west ; basalts associated 
with Tertiary plants are mentioned as occurring at several localities along 
the coast of east Greenland. The Tertiary beds of cape Dalton contain 
basaltic detritus. In the extreme north-east, at the entrance to Peary 
channel, there stands, like a mighty comer stone, the basalt rock of Navy 

^ St. Kilda ifi formed of gabbro with dykes of granophyre, outcrops resembling others 
in Ireland ; W. J. Sollas, Volcanic district of Cariingford and Slieve Gallion, I, Relation t 
of the Granite to the Gabbro of 13arnave, Trans. Roy. Irish Acad., 1894, XXX, pp. 477- 
511 ; A. J. Cole. Geology of Slieve Gallion, Sci. Trans. R. Dublin Soc., 1897, VI. pp. 213 - 
248. The island of Rockall, along with Helen's Reef Hat. 57' 36' N., long. 13"42' W.), 
consists, according to the few fragments obtained from this almost inaccessible reef, of an 
Aegirine-quartz-albite rock ( liockallite) ; the sea bottom is strewn with basalt ; W. Spotts- 
wood Green, Brown, and Barrington, Rockall Island and Bank, Trana. Roy. Irish Acad., 
1897, XXXT, pp. 39-^48, maps. 

* A. Haml>erg, Ueber die Baaaite des Kung Karl-Landee, Geol. F^rcn. Stockh. Forh., 
1:^99, XXI, pp. 509-532 ; H. Backlund, Diabases du SpiUberg oriental, Mission scienti- 
hq’ie pour la mesure dun arc de muTidien, Mission Ru.ssc, 1907, II, 29 pp., map; i» this 
work these diaba.ses are regarded as more recent than the upper Jurassic (p. 10). 
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cliff, with a precipitous fall of 1,100 to 1,200 meters \ At the entrance to 
Robeson channel, and extending up to lat. 81® 45' N., leaf-bearing beds and 
basalts are again associated (I, p. 287) ; in Disko island, on the west coast, 
Cretaceous basalts lie beneath them. In west Ellesmere Land the Tertiary 
beds occur without basalts; thence, in iissociation with basalts, they are 
found at several points nearly as far as the mouth of the Mackenzie ; the 
leaf-bearing beds are steeply upturned in New Siberia, and basaltic lavas 
occur in the northernmost part of the neighbouring continent. Then follow 
the isolated outliers of the basic lavas of Siberia, until finally those of 
Dickson’s liarbour are once more reached. 

At a distiince of 129 kilometers west-south-west of Suderoe, the most 
southerly of the Faeroes, lies the middle of the Faeroe bank, which extends 
from north-north-east to south-south-west for a distance of 90 kilometers. 
Post thinks that it marks the site of a volcano From this point onwards 
the basaltic flows may once have extended in an unbroken course over 
tlie inner Hebrides and considerable parts of Scotland and Ireland. Their 
remains must be assigned to the Tertiary aera (I, pp. 156, 288) The 
existing state of the Faeroes leaves no room for doubt that they are the 
remains of a once inach larger area. 

The investigations of Archibald Geikie in this region have furnished 
results of great value for the study of volcanic activity. 

The whole of that part of the sea to the north of the l>asaltic plateau of 
Antrim presents the characters of an irregular fault-trough. These are 
produced by the inclination of the intercalated plant-bearing beds, which 
even on the Faroe islands is considerable. Fig. 22 shows a small reef of 
basalt rising from the sea, on which the bed of a stream has been preserved 
with pebbles from the mainland. 

Nothing, however, is more significant than the vast extent of the 
injections. The Whin sill (I, p. 154), 120-130 kilometers in length, may 
serve OvS an example. Steeply ascending dykes run in large numbers from 

* Peary, Gcogr. Journ,, 1893, II, p. 310. 

* H, V. Post, Om Fardarnes uppkommst, Oeol. FOron. Stockb. KOrh., 1902, XXIV, 
V }»p. 274 to 282 ; in particular p. 280. 

* Geikie’fi description differs from that given in this work (I, p. 156) which follows 
•ludd ; according to Geikie's results the gabbros are masses which have penetrated into 
the basalts, while the gmnophyres and granites are still later intrusions. The History 
of Volcanic Action during the Tertiary Period in the Hritish Isles, Trans. Roy. Soc., 
Edinburgh, 1888, XXXV, pp. 21-184, maps; Relation of the Basic and Acid Hocks of the 
Tertiary Series of the Inner Hebrides, Quart. Journ. Geol. Soo., 1804, L, pp. 212-229 ; 
the Tertiary Basalt- Plateaux of north-west Eurot>e, op. cit., 1896, LIII, pp, 331-405 ; 

in particular, The Ancient Volcanos of Great llritain, 8vo, 1897, II. pp. 107-478 ; 
on the other hand, Judd, The Tertiary Volcanos of the Western Isles of Scotland, Quart. 
Journ. Oeol. Soc., 1889, XLV, pp. 187-218; The Propylites of the Western Isles of Scot- 
h'lnd, See., 1890. XLVI, pp. 341-384, and On Intrusions of Tertiary Granite, &c., op. cit, 
^^93, XblX, pp. 175-195 et passim. 
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the ea.st cojist of Yorksliire to Doiicj^al bay on the Irish coast, and to 
the island of Lewes m the western Hebrides. Their course is almost 
always rectilinear, and is completely independent of the structure oE the 
land. They cut through the groat fault which bounds the Scottish fault- 
trough on the south (II, p. 78, fig. 10). Their prevalent direction is north- 
west to west-north-west, whence some approach is made on the north to 
a radiate arrangement. At many localities these dykes occur so closely 
crowded together that we must assume extensive fissuring of the sub- 
structure. The longest of them is Cleveland Dyke, which has been traced 

from the east coast of Yorkshire across 
the whole kingdom towards the west- 
north-west as far as Solway firth, a dis- 
tance of 177 kilometers; and if some 
considerable outcrops in Ayrshire may 
be reo-arded as its continuation, it 

o 

reaches a length of 300 kilometers*. 

Geikie concludes that during the 
Tertiary aera a vast reservoir of lava 
or a series of such reservoirs must have 
existed l)eneath the whole of this 
region’*. The thickness of the secli- 
inents cut througli l)y the dykes, from 
the base of the Silurian upwwds, is 
estimated at 5,300 meters, but the 
magma basin must have lain much deeper. 

The Eriboll zone of Caledonian disturbance, which includes some of the 
most remarkable dislocations known anywdiere in the earth’s crust, affords 
no boundary to the res’crvoir, and we are led to the conception of lava 
baainSj the outlines ofvjhich are independent of the structure of previousbj 
existing mountain ranges. 

Iceland. These observations also lead us to a different interpretation 
of the significance of the active volcanos of Icelaml and Jan Mayen. 

A large number of the middle Tertiary species of Europe, such as 
Sequoia Stembergi, Fagus Deuadionis, and Liriodendron Procaccinii 
occur in the Surturbrand, i. e. the plant-bearing beds intercalated with the 
basalts of Iceland. This flora is the same as that which is found, for 
example, at cape Lyell in Spitztergen, wlicre it is not associated with 
basalts, and in the island of Mull, where it is iuterbedded with bfisaltic 
flows. For this reason Nathorst has long been of opinion that the 

' For the petrology, J. H. Teall, Petrological Notes on some North of England Dykes, 
Quart, Journ. Geol. Soc., 1884, XL. pp. 209-246. 

^ A, Geikie, Ancient Volcanos, 11, p. 178 et passim. 



Fig. 22. Pebbles from the mainlaiifl 
on the basalt cliff ofDunBoag (Sandry 
island, between Runn and Canna) 
(after A. Geikie). a, amygdaloid 
basalt ; 6, tuff ; c, shaley a.sh ; d, car- 
bonaceous shale; amygdaloid basalt; 
/, pebbles. 
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American species in the European floras must have migrated across a 
continuous tract of land, which led from Greenland to Iceland and on- 
wards ^ Judd maintains that Antrim, the Hebrides, the Faroes, and 
Iceland form one and the same petrographical province Possibly, says 
Geikio, the 2^resent active vents of Iceland and Jan Mayen are the descent 
danis in uninternqyted snccession of those that sup'plied the materials of 
the Tertiary basaltic plateanx^ the volcanic fires sloivly dyimj out fronv^ 
south to north As regards the nature of the igneous rocks, Backstrdin has 
shown that there is complete correspondence l^etween those of Scotland and 
Iceland, extending down even to their respective batholites, with the single 
exception that in Iceland granophyres form the terminal member of the 
series, while in Scotland granites also occur 

When we first referred to the island of Iceland (II, p. 131), Theodor 
Thoroddsen had just entered on those important investigations which have 
since afforded us a clearer insight into the connexion existing between 
fractures of the crust, volcanic eruptions, and hot springs, than is to be 
obtained, perhaps, from any other locality in the world But even 
previously to Thoroddsen*s work it was evident that the outline of the 
island had been partly determined by subsidences, and it is those alone 
which we propose to consider now. 

It is well known that the island consists of a thick tabular mass of 
successive basaltic sheets which is traversed by a number of recent 
volcanic products. 

Let us begin our study in the north-west peninsula. Here the lie of 
the Surturbrand has revealed the unexpected fact that the basaltic 
ment is traversed by concentric arcuate caldron fractures, and large 
fragments having the form of circular strips or segments have been let 
clown along these fractures 

^ A. G. Nathoi-st, Polarforskningar, Bidrag till Forntidens Vaxtgeografi, in Norden- 
9kj6l<l, Studier och Forskningar foranl. af min Resor i h6ga Norden, 8vo, Stockholm, 1883, 
p. 258 ot passim. A remarkable fact is the occurrence of marine deposits which are not 
more recent than the English Red Crag (II, p. 132) ; Jeffries and S. Wood,Quai-t. Journ. 
Geol. Soc., 1885, XLT, p. 96, and Pjetrusson, op. cit., 1906, LXII, pp. 712-715. Accord- 
ing to Pjetrusson the so-called Palagonite formation was produced by ice ; 
Monener in den Islandske Palagonitformation, Overs. K. danske Vid. Selsk. Forh. 
Kopenhagen, 1901, pp. 147-170 ; also Geogr. Mag. Edinb., 1900, pp. 265 -293 ; on a shelly 
BouUler-Clay in the so-called Palagonite Formation of Iceland, Quart. Journ. Geol. Soc,, 
1903, LIX, pp. 356-361. 

” J. W. Judd, Quart. Jouni. Geol. Soc., 1886, XLII, p. 54. 

A. Geikie, Trans. Roy. Soc. Edinb., 1888, XXXV, p. 75. 

^ H. BiickstrCm, Beitrag zur Kenntniss der ishindischen Liparite, Geol. Foren. Stockh. 
I'Orh., 1891, XIII, pp. 637-682, in particular p. 671 et seq. For the union of Norway 
with »Spitzbergen, and Pottersen’s Arktis (II, p. 67). 

® In particular, T. Thoroddsen, Island, Peterm. Mitth., 1906, Erglinzungshefle nos. 152 
^nd 153, 358 pp., maps. 

® T. Thoroddsen, Nogle lagttagelser over Surtarbrandens geologiske Forhold i det 
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Breidi fjord on the west coast and Htina Floi on the north coast are 
subsidences cutting into the basalt, and almost separating the laciniated 
peninsula from the rest of Iceland, to wdiich it is joined by an isthmus not 
more than 7 or 8 kilometers broad. Several (apparently four) concentric 
caldron fractures cut through the peninsula, they are accompanied in 
places by hot springs. The first of these is the most important ; it runs 
from the Isar fjord to the Talkna fjord, each of the segments formed by" 
the fractures present a steep fall tmvards the interior^ and a gentle slope 
towards the exterior (fig. 23). 

In the state of Kansas, U.S.A., caldron fractures were produced in 1879 as 
a result of the extraction of salt, and gave rise to a siilt pool near Pearlette 
but in this case the steep faces of the circular strips were turned toivards 
the exterior^. In 1895 a bed of quicksand beneath a part of the town of 
Briix discharged itself laterally into some lignite mines ; in this case it was 
observed that the sinking of the ground began along the periphery, and 
advanced gradually towards the spot at which the subterranean discharge 
occurred. When at a later time the phenomenon was repeated, fissures 
originated at some distance outside the periphery formed during the first 
catastrophe, and the subsidence passed on as before towards the centre of 
discharge 

As an illustration, the discharge below Briix affords a better example 
than the pumping out of the salt near Pearlette. When the consolidation 
of a great casting proceeds unequally, some of the metal remaining molten 
at one spot may find its way out at the side, leaving a hollow cavity, which 
the foundry master calls a ‘ Lunker So with regard to tlie north-west of 
Iceland, we might say that a ‘ Lunker ' had broken in. 

Faxa fjord is a regular caldron fracture on the western coast, accom- 
panied by volcanos and hot springs. The long biisaltic horst, w'hich 
separates it from Breidi fjord, bears at its extremity the volcano Sneffels- 
Jokel. On the south the boundary of the tjord is formed by the volcanic 
peninsula of Reykjanes 

On the northern fjords arcuate inbreaks do not occur till we reach 
long. 17*" 30' W. Then we find a broad trough-like inbreak, which runs 

nordvestlige Island, Geol. FOren. 8lockh. F5rh., 1896, XVIII, pp. 114-154, in particular 
p. 147 ; Islandbke Fjorde og Bugi/er, Geogr. Tidsskr., 1902, XVI, pp. 58-82 ; for the 
isthmus, Hdjlandet ved LangjOkull, op. cit, 1900, XV, pp. 3-14, map. 

1 W. Johnson, Ann. Rep. U.S. Geol. 8urv., 1901, XXI, 4, p, 708 et seq., in particular 
pi. CXXXVIII. 

F, E. SuesB, Jahrb. k. k. geol. Reichsanst., 1898, XLVIII, p. 491 et seq. 

’ T. Thoroddsen, Snaifellsnes i Island, Ymer, 1890, pp. 144-188, map; Geologisko 
lagttagelser paa ^naifellsnes og i Omegn af Faxebugten, Bihang Vet. Ak. Handl. 
Stockholm, 1891, XVII, afd. II, p. 95 ; also Verb. Ges. Erdkunde, Beidin, 1893, Geogra- 
fiske og geologiske Undersdgelser ved den sjdligo Del af Faxa fldi, Geogr. Tidsskr., 1903, 
XVII, 56 pp., map et passim. 
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through the whole of Iceland, first towards the south and then in an arc 
towards tke south-west, so that the peninsula of Reykjanes, to the south, 
becomes its northern boundary. This fault-trough, which is sharply 
defined in the north, includes the largest and most remarkable of the 
recent volcanos of Iceland. It also includes within its arc all the caldron 
fractures mentionetl above. 

Its western edge is continued from the north along the western border 
of the Sk&lfandi fjord, and thence for a distance of 150 kilometers towards 
the south as a steep basaltic cliff rising 500-600 meters above the bottom 
of the trough. The eastern edge runs along the base of the peninsula of 
Langenes. Sk&lfandi fjord, Hu.savik, Tjornes, Axar fjord, and Thistil fjord 



Fio, 23. 7'fie north’icest peninsula qf Icclancl, (After Thoroddsen.) 


lie within the subsidence. In this region earthquakes are of frequent 
occurrence. The downthrown band is traversed as far os Myvatn and 
beyond by numerous fissures, which strike north and south, parallel to the 
margins of the fault-trough. They separate lofty horsts from deep fault- 
troughs; hot springs and volcanos accompany their course like lujads on 
a thread ; great lava flootls have proceeded from them b 

From about lat. 65* 15' N. onwards the fissures turn towards the south- 

* Thoroddsen, Vulkancr i det N. 0. Island. Bibang k. Handl. K. Svensk. Vet. Ak., 
1888, XIV, Afd. II, no. 5. 71 pp., map ; also Mitth. Geogr. Ges. Wien, 1891, XXXIV, 
I8<" Tidsskr., 1896, XIII, 24 pp., map, and 

*'J8, xiv, pp. 7-28, map, and in particular Die Bruchlinien Islands und ihre Beziehungeu 
iu den Vulkanen, Peterm, Mitth., 1905, pp. 49-53, map. 
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south-west, and afterwards more towards the south-west ; maintaining this 
direction they reach the north side of the Vatna Jdkull with its ice mass, 
wliich, entering from the east, overflows a large part of the downthrown 
region. On its south-west side the long fissures striking to the south-west 
set in, among them the Eld-gjd cleft, 30 kilometers in length, the equally 
long Laki cleft, on which about a hundred eruptive centres occur'. In 
this way the principal zone with its numerous volcanos, while still of 
considerable breadth, reaches the south coast in numerous south-westerly 
lines, and is still further prolonged in the chain of the Vestmanna islands 
and the Fuglaskcr beyond Reykjanes into the sea. On the peninsula of 



Reykjanes. Thoroddsen counted at least 30 volcanos and over 700 craters. 
The soundings made by the Ingolf expedition show that a submarine ridge 
is continued beyond the Fuglasker very far out in the same direction 
to the south-west 


^ A. Helland, Lakis kratere og lavastrcimme, Universitiltsprogramm for 2 Sera., 1885, 
Kristiania, 1886 ; Thoroddsen, Fra Island indro Hojland, Geogr. Tidsskr., 1889, 24 pp , 
map; and Rejse i Vester-Skai)tafells Syssel, op. cit., 1894, XII, pp. 167-284, map et 
passim. 

* T. Thoroddsen, Geografiske og geologiske UndersOgelscr ved den sydlige Del af Faxa 
fl6i, Geogr. Tidsskr., Ill, pp. 11 and 21 ; Islandske Fjorde og Bugter, op. cit., 1902, XI, 
p. 7. The aubinarinc ridge, as it is represented on the map of the Ingolf expedition, is bo 
extremely long and narrow that it suggests a dragging of the ashes through the sea, such 
08 occurred in the Kuriles, Geogr. Tidsskr., 1898, XIV. 
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In the region south-west and west of Hecla is a low-lying strip of land 
bordering on the sea and separated rather sharply from the higher land in 
the north. Here violent earthquakes occur ; in the case of one which was 
felt in 1896, it seemed as though more or less polygonal areas or fragments 
of the Crust could be distinguished which wei'e disturbed on different days. 
This also is a downthrown area ; in 1896 the shocks always proceede<l from 
the l)Oundary towards the higher land. In spite of their violence the 
adjacent volcano of Hecla showed no signs of activity 

These events mark the continuation of that great process by wliich the 
great basaltic plateau of the north has been broken up and let down into 
the deep Atlantic. Notwithstanding the enormous thickness of the basalt 
substructure, which is estimated at 3,000 meters, we can hardly regard 
these movements as deep-seated tectonic dislocations; they all more in 
a " panzer * ; Iceland is a ^ panzer * horsi 

' T. Thoroddseii, Jordskjstdv i Islandske sydlige Lavland, Geogr. Tidsskr., 1898, XiV, 
pp. 93 -113, XV, pp. 1-29 ; Peterm. Mitth., 1901, pp. 53-50, map. 

' \r<inzer, literally a coat of mail; an armadillo is a Panzerthier, an ostracodei'iu 
a Panzerfistli. Wo might translate * carapace *, but it seems bettor, for several reasons, 
to retain the Gerinarr'TV'onl in connexion with the equally German ‘horst — Note by Ed.] 
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CHAPTER VIII 

AFRICAN FRACTURES. CAPE MOUNTAINS 

1. African fractures. East Africa to lake Rudolf. Lake Rudolf to Syria. Sum* 
maty. Cameroons. Plan of the African fractures. 2. Cape mountains. 

1. Afric.a-n Fractures. 

Ea^t Africa to lake Rudolf. In 1881 Joseph Thompson wrote : ‘ There 
seems to be .sufficient evidence to show that in some earlier period a great 
line of volcanic activity extended from the Cape through lake Nyassa, 
Ugogo, and Mount Kilima Njaro to Abyssinia, running parallel to the 
Ocean and at no great distance from it*.’ Douvilld in 1886 expressed a 
similar view and even suggested that the Abyssinian escarpment and the 
Bead Sea as far as Lebanon might be the further continuation of this 
line®. It was not until 1887-88, when Count Teleki and von Hohnel, 
travelling from the south, had succeeded in reaching lat. 5° N. that light 
was thrown on the real state of affairs 

A great fracture of the earth’s crust proceeding from the far south 
extends through East Africa. It does not terminate until after traversing 
Syria it has splintered up within the outer arcs of the folded ranges of the 
Taurus. For long distances it runs with the meridian, then suddenly 
diverges every now and again in an oblique direction to the north-west or 
north-east, but always returns to the north-and-south line; it generally 
adheres to the neighbourhood of long. 36" E. The geological map of 
Cape Colony marks a meridional fault tetween lat. 29" 49' and 28" 13' S. 
in long. 23® E., which cuts through very ancient sediments *. 

The Karoo ends on the east in a sul^sidence (I, p. 393). At its foot, 
towards the sea, lie the remains of the Pondo range, which will be discussed 
below. At about lat. 27" 30' S. a considerable meridional fault sets in, 
which runs through almost 4 degrees of latitude near to the meridian 
of 27" E. ; this is Molengraaff’s ‘ grande faille de I’Kst ’. It cuts off the 
ancient granites of Swaziland on the east, and brings next to them a long 

* J. Thomson, Notes on the Geology of East Africa, in To the Central African Lakes and 
back, 8vo, London, 1881, II, p. 304. 

* H. DouvilK, Bull. Soc. geol. Prance, 1885-1886, 3* ser., XIV, p. 240. 

^ L. R. V. Hohnel, A. Rosiwal, F. Toula, and E. Suess, Beitrag sur Kenntniss des 
Ostlichen Africa, Denkschr. k. Akad. Wiss. Wien, 1891, LVIIl, pp. 447-584, maps. 

* A . Rogers, Geological map of the Colony of the Cape of Good Hope, sheet XLV, 
1907. 



NYASSA 


269 


CH. VIIl] 

downthrown strip of Karoo sandstone, which is followed towards the east 
by an equally long strip of diabase and amygdaloidal inelaphyre. The 
latter is marked on the maps as the Lebomibo 'mountains. In Zululand and 
Mozambique it forms the boundary between the Mesozoic sediments and the 
plain of the east coast 

Molengraaff regards the Lebombo fault as forming part of the East 
African system of fractures. 

Trough faults first make their appearance in their typical form a 
little south of lat, 15“ S. The east border of lake Shirwa appears to be 
a fracture ; the surface of the lake is said to lie at a level of 500 metera ; 
soundings have revealed depths of 785 meters The lower part of the 
Shird river lies between two parallel marginal faults, which further to the 


J22S 



Fio, 25. Faults on lake Nyassa (after Bornhardt) ; the vortical scale is ten times the 
horizontal. Archaean rocks and sandstone. 


north bound lake Nyaesa (504 meters). East of this lake, on the higlidcvel 
gneiss, Bornhardt observed repeated meridional faults and also Karoo beds 
with remains of the Gondwaiia flora let down in fault-troughs. The 
fault-trough of lake Nyavssa, the axis of which in its southern part lies in 
long. 34° 30' E., runs from about lat. 10"* 15' S. onw^ards towards the nortli- 
west. Its l)readth, at first from 40-50 kilometers, has here diminished to 
30 kilometei*s 

We will now supplement the accounts of Bornhardt by those of 
Dantz*. 

Beyond the north end of lake Nyassa, in Awa-Nkond Laud, we 
first enter on a .strip of alluvium. Then follovrs a conspicuous group 

* (t. A. F. Molengraaff, Geologic de la Republique Sud-Africaine du Transvaal, Bull. 
Soc. geol. France, 1901, 4® ser., I, pp. 13-92, maps, in particular p. 86. 

* Geogr. Journ. London, 1899, XIV, p. 319. 

^ W. Bornhardt, Zur Oberflachengestaltung und Geologic Deutsch-Ost- Africa's (in 
l^eutsch-Ost-Africa, Wissenschaftliche Forscbungsresultate, veroffentliclit im Auftrage 
dec Colonial-Abtheilung des auswUrtigen Amtes), 8vo, Berlin, 595 pp.. maps ; in parti- 
PP* 161, 193, 197, 434 ; also Potoni^, op. cit., p. 495 ct seq. For a general survey, 
b. t^oiheiT Stromer von Reichenbach, Dio Geologie der dcutschcn Schutzgebieto in Ost- 
Africa, 1896, 8vo, MUnchen, pp. 1-110, maps. 

* Dantz, Rcisen in Deutsch-Ost- Africa in den Jahren 1898, 1899, 1900, Mitth. deutscli. 
Schutzgebiete, 1902, XV, p. 34 and continuation, maps; in particular 1903. XVI. 
PP* 127, 136, 188 ; also op. cit., 1900, XIII, p. 41. 
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of volcanos with several craters (Rungwe, 3,170 meters) ; these lie in the 
fault-trough itself. The trough then divides. One branch, the Rua trough^ 
runs towards the north-east ; the eastern IxDrder is not so well marked as 
the western. The latter unites further on with the eastern border of the 
great East African fault-trough. The other branch of the Nj^assa trough 
runs far to the north-west, nearly following the strike of the gneiss ; it 
includes lake RuJava, which has no outflow. 

The Rukwa trough disappears in lat. 7' S., but to the west of it, from 
Jat. S'" 43' S. onwards, the long trough of Tanganyika sets in, running to 
north-north-west. Sprigade has shown that the river M‘Kamba turns 
in the north round the end of the western border of the Rukwa trough and 
enters lake Tanganyika north of Karema K This is one of those remark- 
able signs of irresolution in the behaviour of the watersheds of the oldest 
districts, which have been pointed out by Livingstone, Cameron, and in 
particular Cornet -. The fractures and subsidences pass over towards the 
west into the I'egion of the Congo. Lakes Bangweolo and Moero are 
certainly described as shallow lake-swamps, but Cameron and Stanley 
mention a hot spring on the way to the Lualaba. L. A. Wallace observed 
hot springs between lakes Tanganyika and Moero, on tlie east border of 
the restricted and fairly independent marshy depression of Wantipa, which 
lies at the foot of a clitf over 240 meters in height ^ 

P. Reichard mentions the small volcanic cone of Sambululu, and at no 
great distance from it hot springs, situated east of lake Upemba, one of the 
lagoons which accompany the course of the Lualaba Finally, Cornet has 
shown that the Lualaba, from lat. 15' S. to lat. 7'’ 45' S., lies, with its 
lagoons, in a fault-trough. This is Cornet's trough of Upemha ; it runs 
south-west and north-east, with a length of 200 kilometers and a breadth 
of 30-43 kilometers. On the north-west it is bounded by the Hakansson 
mountains, in the south-east by the Manika range. Hot springs accompany 
its eastern margin, but they also occur on the Lulila, on the other side of 
the Manika range ^ 

The fact that lake Tanganyika lies in an inbreak of the earth's crust 

^ P. Sprigade, Begleitworte zu der Karte der Gebietc am S. Tanganjika und Rukwa- 
See, Mitth. deutsch. Schutzgebiete, 1904, XVJI, pp. 97, 98, map. 

® J. Cornet, Observations sur lea terrains anciens du Katanga, Ann. Soc. geol. Beige, 
1697, XXIV, mem., pp, 25-190, maps, in particular j). 108. 

^ L. A. Wallace, Geogr. Journ., 1899, XIII, p. 614 et seq., map ; Buttgenbacks geolo- 
gical surveys refer to a line somewhat, further to the north : Ann. Soc. geol. Beige, 1906, 
XXXII, mem., pp. 315-327, map. 

^ Reichard, Mittbeilungen der Africanischen Gesellschafb, 1883-1885, IV, p. 304. 
It was here that Dr, Reichard's companion, Dr. Bcibni, succumbed to fever on March 27, 
1884. 

^ J. Cornet, Les Dislocations du bassin du Congo, I, Le Graben de 1 ’Upemba, Ann. 
Soc. geol. Beige, 1905, XXXII, mem., jjp. 205-234, map ; Sur la distribution des sources 
thennaies au Katanga, op. cit., 1906, XXXill, mem., pji. 41-48. 



CH. vml 


KIVU 


271 


was already recognized by Stanley. Sprigades map shows that it 
maintains a very uniform breadth of about 35 kilometers in its course 
from south to north, until in lat. T 30' S. the east coast recedes a little ; 
then between lats. T 20' and T S. it recedes still further, so that from this 
point onwards the breadth is somewhat over 50 kilometers. It is possible 
that parallel fractures advance towards the lake. At the same time the 
sides of the trough rise high above the lake, which lies at a level of 
899 meters, while at its north end the east side rises to a height of over 

2.500 meters, and the west side to 3,290 metres. The highlands on both 
sides consist of steeply folded mica -schists, talc -schists, and quartzite. 
East of lake Tanganyika these are covered by sandstone, which probably 
belongs to the Karoo. 

North of the lake the fault-trough maintains the same breadth; its 
direction turns gradually out of the north into the north-north-east, and 
within it, between lats. 2° 30' and 1° 40' S., lies lake Kivu, discovered by 
Van Gotzen in 1894. 

Herrmann gives the following account of it : — About 70 kilometers from 
the north end of lake Tanganyika, which is marked by a hot sulphur 
spring, the trough is crossed obliquely by a ridge formed by a broad block 
of mica-schist, only partially faulted down ; on the south side it is traversed 
by basalts, and accompanied by hot spxdngs. The soutli foot of the ridge 
li(is at a height of 980 meters; on its north side is lake Kivu, with its 
surface at 1,455 meters, the Rusizi cuts through the ridge with a fall of 
475 meters, thus affording a passage from lake Kivu into lake Tanganyika. 
On the west side of lake Kivu the edge of the highland lies at a lieight of 

3.500 meters, on the east at a height of 2,800 meters. At the north-east 
of the lake the eastern side forms a recess like a caldron. Close by rises 
the great volcanic group of the Kirunga (Mfumbiro), Herrmann counted 
eight lofty mountains bearing craters (Kari-simbi, 4,475 meters). Their 
united lava-flows, chiefly leucitic, are dammed up by the w^est side of the 
trough ; on the south-east they He up against the border of the caldron 
like extensions, but with interruptions, so that a chain of small lakes is 
formed. Smaller craters occur down to lake Kivu 

North of tlie Kirunga volcanos, the trough returns to its usual form. 
As we pass beyond lat. I*" S. a broad lake bottom shows that wo are 
approaching lake Albert Edicard ; we are now in the fluvial region of the 
Nile; tlie Kirunga volcanos form the waterslied in the trough between the 
Nile and the Congo. 

^ rierrmann. Das Vulkangebiet des centralafrikanischen Giabciis, Mittb. doutsch. 
Scliutzgebiete, 1904, XVII, pp. 42 64, map; v. Beringe, Roisen iiu Cfebioie der Eirunga- 
Vulkano, op. cit,, 1901, XIV, pp. 20-39, map. The active volcano of Namilagira is 
♦lescribed by G. A. Graf v. GOtzen, Durch Africa von Ost nach West, 8vo, Berlin, 1895, et 
passim ; in particular Kersting, op. cit., p. 233 et seq. 
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Lake Albert Edward (915 meters) is overshadowed towards the north- 
east by the highest non-volcanic mountain of Africa, mount RiitvenzorL 
Stanley first saw it from a distance in 1888 ; Stairs reached it in 1889, and 
regarded it as a volcano; Stuhlinann showed in 1891 that it was a frag- 
ment of tlie ancient crust standing between two dislocations ; Scott Elliot 
has crossed the mountain several times. Grauer climbed one of its outlying 
peaks, and the Duke of the Abriizzi, the highest peak of all (Monte Mar- 
gherita, 5,064 meters) Ruwenzori is a horst, about 80 kilometers in length, 
whicli stands within the trough next its eastern side. Its steeper slope is 
towards the west, and its highest parts are probably formed of granitic 
gneiss. Small crater-bearing mountains occur at its eastern and southern 
foot \ 

It is a remarkable fact in connexion with tliis horst that it rises alx>ut 
2,000 meters higher than the neighbouring highland, of which, nevertheless, 
it forms a part. 

The trough, still maintaining the parallelism of its walls, and with 
scarcely diminished breadth, extends beyond lake Albert Edward and 
includes lake Albert (590 meters), then the watera of this lake plunge over 
the Murcliison falls, and there the trough comes to an end 

Lake Victoria Nyanza^ owing to its very different and more circular 
outline, the character of its shores, which arc for the most part flat, and 
its independent central position, was originally regarded as a shallow basin 
lying between the inbreaks, though Stuhlrnann held from the first that its 
westeni shoi'e is a fracture In Ankole, that is towards lake Albert Edward, 
numerous small craters are said to occur ® Herrmann recognized a number 
of fractures between the Victoria Nyanza and lake Tanganyika. Dantz, 
after an investigation of the southern districts, came to the conclusion that 
the lake had been produced by a shallow caldron subsidence, and he marked 
a fracture on the north side of Speke gulf Thus it seems possible that all 

* Duke of the Abruzzi, The Snows of the Nile, Geogr. Journ., 1907, XXIX, pp. 121- 
147, map. 

* G. F. Scott Elliot, The Geology of Mt. Ruwenzori and some adjoining regions of 
Equatorial Africa, Quart. Journ. Geol. Soc., 1895, LI, pp. 669-680, map. 

* In travelling to the north of the Ruwenzori from the south-east, we must follow 
a steep descent of 500 feet to a plain ; this is obviously alluvial, and to reach the Semliki 
we descend another 400 feet over terraces; A. B. Fisher, Geogr. Journ., 1904, XXIV, 
p. 256, map. 

* F, Stuhlrnann, Mit Emin Pascha ins Ilerz von Africa, 8vo, Berlin, 1894, p. 72S ; 
on p. 884 we read that the whole of the intermediate lake region is traversed by meri- 
dional 6s.sure3. 

•' Geogr. Journ., 1902, XIX, p. 24. 

Herrmann, Der geologische Aufbau des deutschen West-Ufers der Victoria Niansa, 
Mitth. deutseb. Schutzgebiete, 1899, XII, pp. 168-173, map; Dantz, op. cit., 1902, XV, 
pp. 63, 164, 198 ; also Gedge, Proc. Geogr. Soc., 1892, p. 322, and Capt. H. G. Lyons, On 
the Variation of Level of Lake Victoria (W, Garstin, Report upon the Basin of the 
tlppev Nile), 4to, Cairo, 1904, App. HI, p. 1. 
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the vast region lying between the troughs may one day prove to be a 
fractured area. 

It is not until we reach the south-east of the Unyamwesi tableland that 
the arrangement of the several fractures again becomes clear. They have 
been determined chiefly by O. Baumann, H. Meyer, and C. Uhlig. Dantz 
has indicated them on a sketch-map On the whole a tendency towards 
a radiate arrangement seems to exist in the neighbourhood of Kilinia Njaro 
and the commencement of the East African trough. The trougli of the 
Wembere steppe strikes to the north-east; the outrunners of the western 
side of the Rua depi'ession, which proceed from the north of lake Nyassa, 
wstrike to tho north-north-east. In front of the main fault, in lat. 4'" 28' S., 
rises the volcano of Gurud (3,100 meters). The main fault (Uhlig s zone of 
fracture) unites on the Natron lake with the western fracture of the East 
African trough. A broad horst probably extends from the south up to the 
north border of the Lettiina mountains, south of Kilima Njaro. The 
trough of the Pangani strikes to the north-north-west; its east side is 
formed by the Par<5 mountains and the western slopes of Usambara 

The down-thrown deppc of Wembere deserves some attention. At 
a distance of 70 kilometers from its commencement, tho bottom of this 
trough, according to Baumann, lies at 1,120 meters. Its sides, though 
not high, are clearly marked. Towax’ds the north-east the tableland rises 
gradually to a height of 2,020 meters, while at the same time the bottom 
of the trougli sinks lower. The trough terminates in the salt lake of 
Eyassi (1,050 meters) which, according to Jaeger’s accounts, is shut off 
on the north-east by two volcanos. Beyond these, towards the north-east, 
is the great Ngorongoro crater, situated close to the west edge of the East 
African trough. East of lake Eyassi lies another trough, with lake Hohen- 
lohe, discovered by Werther. Wembere lies chiefly in granite and gneiss ; 
its north-eastern part, along with lake Eyassi, in lavas 

The Ead African trough, i. e. the stretch of land which extends through 
eight degrees of latitude, from Kilima Njaro (lat. 3*" S.) to the north end of 
lake Rudolf (lat, 5® N.) has been investigated of late years by numerous 
ol)servers ; the whole of its southern part in particular, as far as lat. 1° 30' S. 

' 0. Baumann, Durch .Massailand zur Nilquolle, 8vo, Berlin, 1894, maps, in particular 
p. 133 et seq. ; H. Meyer, Kilimnndjaro, 8vo, Berlin, 1900, maps, in particular pp. 288- 
312 ; J)antz, Mitth. d. deutseben Schutzgebiete, 1903, XVI, pi. II. 

I have not sufficient data to form an opinion as to the signilicance of the occurrence 
eruptive rock on the mountain of Joinbo (lat. 4° 26' S., long. 39*" 3' E., nepheline 
syenite with dykes of cainptonite) and on the ac^acent island of Wasin. J. W. Gregory, 
i«art. Journ. Geol. Soc., 1900, LVI, pp. 223-229 ; both localities lie near the German- 
English frontier. 

0. Baumann, Durch Massailand zur Nilquelle, p. 139 ; Stroiner v. Rcichenbach, Die 
^jroologio der deutschen Schutzgebiete in Ost-Afrika, p. 66 et passim ; F, Jaeger (Zeitschr. 
* -rdk., 1908, p. 264) describes Ngorongoro as formed not by explosion but ‘ probably 
y the after- sinking of the imperfectly solidiGed magma into the funnel ’. 

80I.I.A8 IV rp 



274 APEICAN FRACTURES [party 

has been studied by Uhlig and Jaeger, Kilima Njaro by H. Meyer, and 
mount Kenya by Gregory ; but the main features of the structure as they 
were determined by L. v. Hohnel and mapped out by Toula have not been 
seriously altered \ Of chief importance is the fact that the existence of 
long trough-like subsidences has been confirmed. The lines of fracture 
sometimes cut through the ancient crust, sometimes the superposed lavas, 
so that within the subsidence horsta formed of the ancient crust stand 
beside those formed of lava. Even recent volcanos have been cut through. 
C. Uhlig found that the side of the trough south-west of the Natron lake 
is formed by successive cliffs ; the western side belongs to the ancient 
crust. The middle part of the border cuts through three great volcanos, 
so that their lava streams end on its slope, which is about 1,000 meters in 
height \ 

The western side is more nearly continuous than the eastern. It begins 
as far south as lat. 6° S., with a north-noi-th-easterly direction. The scarp 
of Mau begins in lat. 3° 15" S. and runs without interruption at least as far 
as lat. I"" N. It consists chiefly, though not exclusively, of lavas. In the 
north the narrow horst of Kamassia, formed of Archaean rock, lies in front 
of it. The scarp of Suk, a continuation of Mau, runs off to tlie north- 
north-west, and does not turn back to tlie west side till it has reached the 
middle of lake limlolf. Thus an independent fractured area arises to the 
south-west of the lake between the rivers Trrguel and Kerio. 

The eastern side only becomes continuous on reaching lat. 2*" 30' S. It 
is affected by the interlocking of extensive sheets of lava in which step 
subsidences occur, as, for instance, in Kikuyu, to the south-west of mount 
Kenya, and in Leikipia to the north-west of that mountain. Then come 
the gi'cat volcaiias themselves : Kilima Njaro with Kimawensi (5,148 meters), 
Kibo (5,888 meters), and Mweru (4,558 meters), which appear to stand over 
a transverse fissure ; it is more probable, however, that they surmount the 
radial troughs which converge from south to north ; then follow Doenyo 
Ngai (active), Gelei, and many others, such as mounts Suswa, Longonot, 
and Chibcharanjani. Further towards the west is mount Elgon (4,558 
meters); to the east, mounts Kenya (5,138 meters), Andrews (active, on the 


* C. Uhlig, Der sogenannte Grogse ostafricanische Graben zwischen Magfid urid Laua 
ya Mueri, Hettner, Geogr. Zeitschr., 1907, XIII, pp. 478-505, map ; H. Meyer, Kilimand- 
jaro; J. W. Gregory, The great Rift Valley, 8vo, London, 1896, 413 pp., maps; The Geo- 
logy of Mount Kenya, Quart. Journ. GeoL Soc., 1900, LVI, pp. 205-222, map et passim ; 
F. Toula, Geologische Uebersichtskarte, op, cit., Tektonische Skizze, op. cit., p, 576. 

* C. Uhlig, Zeitschr. Ges. Erdk., 1905, p. 121. This distinguished explorer mentions 
(Geogr. Zeitschr., 1907, pp. 489, 501) that he has observed lavas overlain by quartzite 
mica-schist north-west of lake Natron (Magab), and conjectures, but with considerable 
reserve, that the trough may have arisen by overth rusting. It would be interesting to 
know whether intercalation in sills occurs. I know of no case of overthrusting in any 
other part of the African fractures. 
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border of the steppe Sukuta), Teleki (active), and the volcanos of Hohnel 
island, Kulall, and Lubur on the north-west shore of lake Rudolf 
Finally, we may mention the crater of Ngorongoro (between lats. S’* and 
3® 30' S.), which is 20 kilometers in diameter. Between tliese marginal 
fractures, horsts, and volcanic mountains the waters collect in a long 
chain of lakes without outflow. The water level stands at 1,010 meters in 
lake Manyara, at 608 meters in the Natron lake ; then it rises in the 
several lakes until it reaches 1,869 meters in lake Naivasha, and falls again 
in lake Rudolf to 400 meters. 

Numerous hot springs are associated with the trough ; in* the middle of 
it, on an island in the Baringo, intermittent hot springs occur. There are 
many other features also connected with the East African trough which 
seem likely to afford fresh information as to the nature of volcanic pheno- 
mena. Mount Kenya, for instance, is regarded by Gregory as a volcano 
so completely dismantled that a core of coarsely crystalline rock (kenyte) 
is now exposed, and Mackinder, who succeeded in ascending its highest 
peak, obtained from it a specimen which, as Sollas confirms, actually 
resembles this rock 

In any case, a fairly large mass of ancient rock occurs to the north- 
west of lake Rudolf (Lamarr, near Hohnel) ; but it is possible that 
a subsidence may extend directly up to lake Stefanie, Max Weber has 
given a sketch-map showing the course of the trough from lake Rudolf 
to Daiiakil ; it is Imscd chiefly on the results obtained by Neumann and by 
Italian investigators. In accordance with the observations of K. Schmidt, 
the trough of lake Rudolf is represented as flattening out towards the 
north, and from the northern third of the lake a branch is sent off in a 
north-easterly direction to lake Stefanie. This agrees fairly well with 
earlier observations 

The trough now turns towards the north-east and runs between the 
Abyssinian highland in the north and the Somali segment (Diddi, highland 
of the Arussi) in the south, as far as Adis-Abeba and Ankober. 

^ As late as July, 1895, the volcano of Teleki was observed by Donaldson Smith (from 
some distance, it is true) to be smoking violently, and glowing at night (Geogr. Journ., 
1^96, VJII, p. 230). In May, 1897, it was visited by Cavendish ; he states that according 
to the accounts of the inhabitants the lake had risen six months previously, until it 
reached the volcano, and a violent explosion had occurred. At the time of his visit a 
sheet of lava only was to he seen. On the other hand, 4-5 kilometers further south a new 
Volcano, that of Luttur, had arisen, 130 feet in height. About 80 kilometers south of the 
lake, Cavendish discovered the active volcano of Sugobo (or Andrews, op. cit., 1898, XI, 
l>. 390 et seq.), 300 feet in height. Welby’s account of 1899 leaves it doubtful whether 
lie had not mistaken Luttur for Teleki (op. cit., 1899, XIV, p. 318, and 1900, XVI, p, 298). 
Ihe whole matter needs explanation. 

* H. J. Mackinder, Geogr. Journ., 1900, XV, p. 481. Here the mountain was assigned 
a isomewhat less height. 

Max Weber, Petrographische Ausbeute der Expedition Neumann-Erlanger nacb Ost- 
Alrika und Abessynien, 1900 -1 901, Zeitsebr. Geogr, Ges. Mtinchen, 1906, 1, pp. 637-660, map. 
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The region which succeeds lake Stefanie has been made known by the 
travels of Bottego and the collections made by the greatly lamented Sacchi, 
which have been worked out by A. d'Ossat and Millosevich \ Volcanic 
rock forms not only the east side and the north of lake Stefanie but also 
all the mountains from the low^er Omo in lat. 5" 30' N. to Queen Margheriia 
lake (Abbaya or Pagadd) ; the east side of this lake consists of basalt, the 
w’^est of rhj^'olitic rocks. In fact, w^e conclude from the accounts of Erlanger 
and Neumann that the long chain of lakes wdiich marks the trough from 
lake Stefanie through Ciamo (Gandjule), Queen Margherita lake, and others 
up to lat. S'" N. lies wholly, or almost wholly, in recent volcanic rock. 
At the same time there are separations and connexions of the most various 
kinds. 

Neumann found that lakes Ciamo and Queen Margherita are w’ithout 
outflow’' during low w^ater, but at high w^ater are connected with lake 
Stefanie by the river Sagan. The group of lakes situated north of 
lat. 7'" N, (Schale, Lamina, Korre) is separated from the preceding by 
the volcano of Fike, and from lake Zuaj by the volcano of Alutu 

Betw'een lake Zuaj and Adis-Abeba rises the mountain of Zukueda^ 
which hears a sacred crater lake. Here the Abyssinian trough terminates, 
and we now enter the vast volcanic region of Afar (Danakil). It is 
bounded on the w^est by the meridional scarp of the Abyssinian highland, 
wdiich consists of gneiss and a Mesozoic series, and on the south of the 
northern border (running east and west) of the Somali segment, which is 
formed of flatly-bedded Mesozoic sediments. Further on, this same northern 
border forms the south coast of the Arabian gulf. Towards the north-east 
Afar extends to the Red Sea It is an inhospitable land, strewn over 
with volcanos, lava fields, and hot springs. It contains several tracts 
within it which lie below the level of the sea. The surface of lake Assal, 
near Tajura lies at —170 meters. Volcanic eruptions are not infrequent; 
in June, 1907, the volcano Afdera (near the coast, north of lat. 13'" N.) 

' G. de Angelis d’Ossat e F. Millosevich, Seconda spedizione Bottega, Studio geologico 
sul materiale raccolto da M. Sacchi (publ. by the Soc, Geogr. Ital.), 8vo, Rome, 1000, 
212 pp., map. 

* In particular C. Freiherr von Erlanger, Verb. Ges. Erdk. Berlin, 1901, p. 240, map, 
pi. VIII ; and O. Neumann, Von der Somali-Kiiste durch Stid-Ethiopien zum 
Sudan, Zeitschr. Ges. Erdk. Berlin, 1902, I, pp. 1-32, map ; in particular Neumann, 
pp. 17, 30 ; Graf E. Wickenburg, Von Dschibuti bis Lamii, Peterm. Mitth., 1903, pp. 193 ■ 
198, maps ; also P. Maud, Explorations in the South Borderland of Abyssinia, Geogr. 
Journ., 1904, XXIII, pp. 522-579, map. 

® Denkschr. k. Akad. Wiss. Wien, 1891, LYIII, p. 5G7 et seq. ; Vicomte E. de Poncina, 
Bull. Soc. geogr. Paris, 1898, XTX, p. 454 et seq. ; Fritsche, Peterm. Mitth., 1890, p. 
pi. 9 ; U. Grubenmann, Beitrage zur Geologic von Abessynien, Mitth. Thurgau. Natf. 
Ges. Frauenfeld, 1896, XII, 20 pp. ; and many other works, enumerated in Dainelli, Mari- 
nelli e Mori, Bibliografia Geografica d. Col. Erythr., Riv. geogr. ital, 1907, XlV, 
pp. 1-72. 
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formed a new crater, and poured forth a great stream of lava. Detailed 
information on special areas has been furnished by Dainelli and Marinelli. 
According to these investigators, lake Alel Bad in North Afar, lies in 
a region stretching north-west and south-east, of which alx)ut 5,000 
square kilometers lie below the sea-level, and of this area a half lies below 
— 100 meters. The deepest place lies at —120 meters. It is a salt plain ; 
at its north-west end rises the extinct volcano of Marah^, and at its south- 
east end the volcano of Erto-Al^, an eruption of which is recorded in older 
accounts. Further to the north-west a similar region borders the east foot 
of the Abyasinian tableland up to the spot where it reaches the west side 
of the gulf of Zula (Massaua) ; within this region rises the volcano of Alid 
and a great number of small eruptive centres extend as far as the remains 
of the volcano of Jalua, which lies near the gulf 

The precipitous boundaries of the Abyssinian and Somali highlands 
meet near Ankober almost at a right angle. If we imagine the low-lying 
country of Afar to be submerged beneath the sea, these boundaries become 
coasts, and the new outline corresponds in a truly striking manner with 
that of the Arabian coast, which lies opposite. That the Red Sea is itself 
a. fault-trough has- been mentioned previously (I, p. 374). Soundings 
made by the ‘Pola’ have shown that the greatest depth, 2,190 meters, 
occurs in lat. 22® 7' N.^. A number of volcanic islands rise from the sea. 
At Mount Sinai the trough divides in a fork ; or, more correctly, its western 
part is continued as the Gulf of Suez, while the Gulf of Akabah represents 
a new trough which arises with a divergent direction close to the meridian 
of 35'" II, and running to the north-north-east approaches the meridian of 
3G'' E. In Jubal strait, near the entrance to the gulf of Suez, the bottom 
ascends almost immediately from —1,000 meters to —80 meters, and does 
not sink again l)elow —82 meters throughout the rest of its course to 
8u(‘z. The gulf of Akabah is separated from the sea by a block which lies 
at a level of —141 meters west of the island of Tiran, and east of this 
island rises to —16 meters, but beyond this block considerable areas lie 
below — 1,0(K) meters; the greatest depth is 1,287 meters, and the coasts 
are very steep 

The Cretaceous and Eocene beds which overlie the Archaean formations, 

’ G. Dainelli e 0. Marinelli, Della condiziono altimetrica e dei limiti della grande 
dtipressione Dancala, Riv. geogr. Ital., 1896, XIII, fasc. 7, 19 pp., map, op. cit.,1906 and 
1907, several passages on the volcanos of Danakil, in particular Erto-A16 and Marahd; 
also Escursione al Vulcano Alid, op, cit., 1907, XIV, 20 pp., map. Maps of Afar, e. g. 
Iritsehe (Zeila to Ankoher), Peterm. Mitth., 1890, pi. 9, and K. Schmidt (Galla lands), 
op. cit., 1905, pi. XVil. 

* J. Luksch, Expedition aiif S.M. Schiff ‘ Pola ’ in das Rotlie Meer, VI, Physikalische 
Gntersucliungcn, Denschr. k. Akad. Wiss. Wien, 1898, LXV, pp. 351-422, maps, in 
particular p. 354. 

^ ’b Luksch, ibid., p. 358. 
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once extended without interruption across the whole breadth of the Red 
Sea to Arabia; this is shown by the long step-faults, running parallel 
to the shore of the Red Sea, which were observed by E. Fraas near 
Kosseir, and by Barron and Hume in the same locality, and also two 
degrees further north on the Gebel Zeit, actually in the region of the 
gulf of Suezb Jebel At&ka, near Suez, is cut through by a fault, 
wdth a downthrow towards the sea (I, p. 371) ; Beyrich believed that 
the Miocene of Suez is also occasionally faulted down into troughs 
(I, p. 379). 

Isolated fractures and the occurrence of basalt show that inbreak and 
subsidence have left their traces iis far w^est as the Nile and even beyond. 
It seems to be generally admitted that a long trough, like an inbreak, or 
a series of fractures, bordera the Nile from Cairo to Keneh, i.e. for a distance 
of 4 degrees of latitude The true state of affairs is not yet fully under- 
stood. The whole of the Syrian coast is likewise a comparatively recent 
dislocation (I, p. 373). 

On an earlier page (I, p. 380) we have mentioned the occasional incur- 
sion of Mediterranean waters into the Erythraean region, and of Erythraean 
\vaters into the existing region of the Nile ; this subject has been treated 
in detail by Blanckenhorn. Hume has since shown that Mediterranean 
deposits, easily recognized by the presence of the great Odrea (jiengemia, 
reach the east side of southern Sinai, where they are steeply upturned 
along faults. Mount Sinai is cut through in places by a number of sub- 
meridional faults. It is evident that some of the fractures at least are 
more recent than Odrea giengemi^ ^ 

The gulf of Akabah is continued as a trougli into tlie Wady Arabah, at 
the lx)ttom of which P. Musil, as he kindly infonns me, observed an isolated 
occurrence of dark lava. On the other side of a Cretaceous threshold, 
+ 230 to 240 meters in height, we reach the deep asyiumetrical trough of 
the Dead Sea which is continued in the valley of the Jordan (I, p, 373) *• 

^ E. Fraa.^, Geognostisches Profil voin Nil zuin Rothen Meer, Zeitschr. deutsch. geol. 
Ges., 1900, LII, pp. 1-00, map; T. Barron and W. F. Hume, La Geologie du Desert 
oriental de Pl^gypte, C. R. VIII® Congres geol. Paris, 1900, 33 pp., map. 

* e. g. T, Barron and W. F. Hume, op. cit, ; also H. J. L. Beadnell, op. cit., and Geol. 
Mag., 1901, new ser., Dec. IV, vol. VIII, p. 28 ; and, in particular, M. Blanckenhorn, Die 
Geschichte des Nilstroins in der Tertiilr- und Quartarperiode, sowie des palilolithischeii 
Mensehen in Aegypten, Zeitschr. Ges. Erdk. Berlin, 1902, pp. 694-762, maps. Deperet 
and Fourtau have shown (C. R. Acad. Sci. Paris, 13 aoiit 1900) that near Suez, the first 
Mediterranean stage, a representative of the Schlior and the second Mediterranean stage 
may be recognized ; also Blanckenhorn, Centralbl. f, Min., 1900, pp. 209-216. 

® W, F, Hume, The Topography and Geology of the Peninsula of Sinai (South-east 
portion), Survey Department, Egypt, 8vo, Cairo, 1906, 280 pi>., itmps, in xjurticular 
p. 145. 

* These more northerly stretches were descaibed in greater detail in Denkschr. k. 
Akad. Wiss. Wien, 1891, LVHI, p. 572 et seq. 
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It extends to lake Huleh ; then a change occurs, of which Diener has given 
the first detailed description ^ 

The trough turns off to the north-north-east and forms, between Lebanon 
and Anti-Lebanon, the long valley of the Bekda, which contains the ruins of 
Baalbek. At the same time a divergent branching or virgation of fissures 
occurs, extending obli(iuely across Anti-Lebanon and far to the north-east 
beyond Palmyra. Here, in the desert of Palmyra, Diener has discovered 
marine Pliocene beds at a level of + 650 ineters. This bulging up of the 
ground and splitting up of the fractures has been caused either by a 
deformation of the earth in the neighbourhood of the folded arc of the 
Taurus, or, as Blanckenhom believes, by the lava-covered subsidence of 
the Damascene which lies towards the south and south-east. 

On tlie other side of the Bekaa, that is beyond lat. 34® 30^ N., 
Blanckenhom has studied the country as far as the Ainanus, that is, into 
the region of the Tauric folds ; he has also given an admirable survey of the 
structural lines of the whole of Syria \ The trough returns again to the meri- 
dional direction, cuts through the basalt of Homs, thereby forming the little 
Bekaa, and extends through the plain of el-Ghab along the east side of the 
Ansarieh-range, which is faulted down in steps, as far north as lat. 35® 50' N., 
where the range sinks beneath the sediments of the second Mediterranean 
stage. In this northern tract traces also exist of a virgation directed to 
the north-north-east or north-east. 

We have now reached the depreasion of el-Amk (lake el-Bahra, 140 
meters), north-east of Antioch. Blanckenhom conjectures that the fractures 
do not end here, and that their continuation is directed towards the north- 
ea.st, that i.s, it lies in the strike of the Tauric folds between the Drusen 
range and the Ainanus. In fact F. Schaifer has since traced a trough for 
a distance of 150 kilometers in the valley of the Kara-Su, and into the 
neighbourhood of Marash ; it is accompanied by flows of basaltic and 
doleritic lava (III, p. 319) \ 

Survey of the End Af't^an troughs. The area traversed by the frac- 
tures (disregarding that of the Lebombo mountains) extends from lat. IS*" S. 
to lat. 37” 30' N. ; its length amounts to 52^ degrees of latitude. At the 
same time the frequent divergence from a definite meridional zone, and 

* C. Diener, Libanonisclic Grundlinion der physisclicn Geographic und Gcologie von 
Mittel-Syrien, 8vo, Wien, 1886, 412 pp,, maps. Here a doubtful dome of basalt, Tell-el- 
Rurab, is marked south of Palmyra within the virgation. Further west (in about 
long. 37"’ 40' E.) von Oppcnheim mentions the twin volcanos of Abd and Abde (slave and 
slave-girl), Verb. Ges. Erdk., 1894, XXI, p. 209. 

* M. Blanckenhom, Die Strukturlinien Syrians und des Rothen Meeres, in Festschrift 

^^3 Richthofen zum 60. Geburtstag, 8vo, Berlin, 1893, pp. 113-180, maps. 

\ Schaffer, Geologische Studien iui sOdostlichen Kleinasien, Sitzb. k. xVkad. Wiss. 
Vien, 1900, CIX, pp. 498-525, in particular p. 524 ; and op. cit., 1901, CX, pp. 5-18, in 
particular p. 16 ; also Peterm. Mitth., 1901, p. 133, 
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the equally frequent return to it, deserves attention. The axis of lake 
Nyassa lies in long. 34” 30' E., the more northerly axis of lake Rudolf in 
long. 36° E., and far to the north the axis of the Dead Sea and the valley 
of the Jordan lies in long. 35° 30' E. 

It cannot be shown that all parts of this great system of fractures and 
inbreaks are of the same age. Kohlschiitter, in particular, believed that 
older troughs have been cut through by more recent, thus he supposed 
that the Rukwa trough is continued across lake Tanganyika to the Lukuga, 
thus cutting through Tanganyika, and similarly that a trough which follows 
the Wembere is cut off near the crater of Ngorongoro, north of lake 
Manjara, by the meridional trough of East Africa K On these points we 
must await more detailed information. Lake Tanganyika is frequently 
spoken of as one of the older members of the system. Its strange fauna 
is regarded as a marine relic; yet a medusa, which is one of its most 
characteristic forms, has also been discovered in lake Victoria. 

Issel justly lays stress on the fact that the sea did not enter tlio 
Erythraean trough until a late period*. The series of middle and upper 
Tertiary sediments, as it is presented by the greater part of the Mediter- 
ranean coasts, as it is still to be seen in Suez, and in pa?;t even near Scherm 
on the south of Mount Sinai, is here absent, with the exception of some 
recent deposits, possibly corresponding to those Erythraean beds wliich 
exten<l at a level of + 67 meters as far as the pyramids of Ohizeh into the 
lower valley of the Nile (I, p. 379). These beds possibly indicate the first 
filling of the Red Sea. All the other downthrown areas, with the exception 
of the Syrian coast line, present no trace whatever of an ingress of the sea. 
The terraces of lake Rudolf, the lower Omo, lake Stefanie, and Afar 
contain shells of the existing Nilotic fauna. The terraces of the Dead Sea 
and the Jordan contain existing freshwater shells ; in the lake of Tiberias 
fishes of the Nile live even at the present day (I, p. 385). The recent 
Melanopsides beds were followed by lava-flows ^ and in the north the 
movements appear to have been so recent that similar sediments are found 
faulted down in troughs of still more recent date. 

It is not until we reach the north that we find the deposits of the 

* E. Kohlschiitter, Die kartographischen und geophysischen Arbei tender Pendcl-Expcdi- 
tion der Koniglichen Gesellschaft dor Wissenschaften zu Gottingen in Ost-Afrika, Verb. 
XIIT. deutscli. Geographen-Tags z\x Breslau, 1901, pp. 183-153, map. For the latter 
jdace, C. Uhlig’s map, Hettner, Geogr. Zeitschr., 1907, XIII, and F. Jaeger’s map, Zeitschr. 
f. Erdk., 1908. 

* A. Issel, Morfologia e genesi del Mar Rosso, III® Congr. geograf.^tal., Fii'enze, 1899, 
17 pp., map; also Bull. Soc. g<5ol. Beige, 1899, XIII, Mem., pp, 65-84. 

* F. Noetling, Die Lagerungsverhalinisse einer quartiiren Fauna im Gebiete dee 
Jordanthales, Zeitschr. deutsch, geol. Ges., 1886, XXXVIII, pp. 807-823, map; and Geo* 
logische Beschreibung der Umgebung von el-Hammi, Zeitschr. deutsch. Paliistina-Ver., 
1886, X, pp. 59 -88, map. 
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third and fourth Mediterranean stage making their appearance on the 
coast; as already mentioned, marine sediments reach the desert of 
Palmyra. — 

Three independent processes may be distinguished here: first, the 
rending open of the ground; second, the subsidence of the walls of the 
fissure ; third, the welling up of lava. Not that these processes are strictly 
separated in point of time; the trough-faults in lavas, like that of Mau, 
show that, in some districts, great flows have been followed by great 
inbreaks. But the rending open is evidently the primary, and the appear- 
ance of lavas the secondary or accompanying phenomenon. 

We must not form too rigid a conception of such troughs, as though 
they were strips of land let down between two parallel faults. Step faults 
are to be seen on lake Tanganyika and in the lava fields which lie before 
mount Konya, on the west coast of the Red Sea also, and more to the north 
on mount Lebanon and the slopes of the Jebel Ansarieh. We shall form 
a more correct picture if we think of these step faults as repeated on lx)th 
sides, down to the middle of the valley tottom— many long strips, which 
become wedge-shaped below, being let dowm along them to unequal depths. 
In this way horsts. have been left standing witliin the field of subsidence, 
for example, Kaniassia, west of lake Baringo, and the threshold to the 
south of lake Albert Edward, The decrease in the formation of fissures 
is clearly seen in North Syria, where the virgation and many other circum- 
stances point to the advance of the process from the south towards the 
nortli. 

Any attempt to explain the situation from local causes, such as a parti- 
cular position of the fault-planes, which have been supposed to diverge 
downwanls, is seen to be impossible in view of the vast extent of the area 
iiivolved. A process which finds expression over more than 52 degrees 
of latitude, must have its origin in the structure of the planet itself, hor 
this great region we are led to assume the existence of iensions in the 
outer crust of the earth ivhich have acted in a direction 'perpendicular to 
that of the fissures, and, in this case, as it happens, perpendicular to the 
meridian. 

The phenomenon is a rending asunder caused by contraction] the 
fissures have opened from above doivnwards. 

This fact has an important bearing on the origin of volcanos. 

There are some great segments of troughs, e. g. lake Tanganyika, 700 
kilometers in length, in which hot springs occur, but no volcanos. On the 
oilier hand, there are some very insignificant fissures in Syria which are 
bordered by chains of small volcanic outbursts. If we restrict our at^n- 
tion to mount Kenya or the group of the Kirunga volcanos on lake Kiwu, 
''ve sliall seek in vain for dykes or chains of volcanos which might indicate 
a connexion with other volcanos. Yet a survey of the whole shows us 
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that they form part of a common scheme in dependence on the great 
system of fissures. 

The clefts rent open from above downwards, and the clefts between 
subsided blocks, have in some places rendered volcanic outbreaks possible, 
in others not ; in many places the eruptions still continue at the present 
day. Whether large or small crater mountains should arise has probably 
been determined by quite secondary movements. Along the axis of the 
East African trough there is evidently great volcanic activity. In the 
trough itself there are only a very few great volcanic cones ; this is 
probably owing to the fact that it is within this trough that the greater 
part of the tectonic changes is effected, so that no funnel has time to gi'ow 
old, and new ones are continually arising. 

Kameriin. Anno Bom, St. Thomas, Princes Island, and Fernando Po 
form a series of volcanos running in a straight line between north-north-east 
and north-east. St. Helena is also frequently included in this series. 
On the mainland this corresponds fimt with the great volcanic Kamerun 
range. According to the description of the south-west Kamerun given by 
Esch, all the rest of the land to a little beyond lat. 5“ N. consists, with the 
exception of a less-elevated belt of Tertiary and Cretaceous sediments near 
the sea, of ancient crystalline rocks with superposed recent volcanos ^ 

Esch terms it a fractured region ; this description is supported by the 
above-mentioned Kamerun range with its numerous craters (3,665 meters), 
by the ancient crystalline horst of Buinpi in the north-west (rising to 
2,000 meters, 40 kilometers long), the Bakundu subsidence, the fractured 
district of Nkosi, with its numerous small eruptive centres the trough of 
Kidde, the horst Kop^*, with the volcanos crowning it (2,050 meters), and 
finally, the transverse range of Manenjuha, with the great crater of Ebogga 
(2,110 meters). 

South-west Kamerun thus presents a structure which resembles that 
of the south-west half of the East Afiican trough, “with the following 
points of difference ; in Kamerun the fractures do not bound a continuous 
trough, the general strike of its fractures is not north and south but north- 
north-east, corresponding to the line running from Anno Bom to Fernando 
Po, and finally, that its w^aters flow freely to the sea. 

Irom the valuable investigations of Passarge in Adamaua, we know that 
precisely similar relations prevail fromlat. 7^ 30' N. to lat. lO'^SO'N. where we 

^ E. Esch, in Esch, Solger, Oppenheiia and Jaekel, Beitrag zur Geologic von Kamerun, 
8vo, Stuttgart, 1904, 298 pp., nuip, in particular pp. 1-43; Der Vulcan Etinde in 
Kamerun und seine Gesteine, Sitz. k. preusa. Akad. Wiss. Berlin. 1901. pp. 277-299 and 
400-417. 

* ‘ Their activity aeems to have been continued for a short period only, and with a few 
exceptions they seem to have served as funnels for the common centre of eruption, by 
which it was able to relieve itself of excessive gas pressure/ Esch, op. cit., p. 35. Other 
volcanos are described by P. Rohrbach, Zeitschr. Ges. Erdk., 1907, pp. 254-25G. 
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approach the region of lake Chad, which is without outflow. Tlie resemblance 
in structure is so great that the designation * Kamerun line ’ arose, not in the 
south, but here in the north, and was indeed given by Passarge \ 

Here, too, the land consists of ancient crystalline and recent volcanic 
rocks. Here, too, the prevalent direction is N. 30'*-35® E. ; the east-and- 
west direction seldom occurs. The Tschebtsche range, a ridge of granite 
and gneiss, 1,400-2,0(X) meters in height, extending to the north -north-east, 
is probably a horst, according to Passarga; it lies in the continuation of 
the horsts of south-west Kamerun. It bears a sheet of basalt, upon which 
stand isolated rocky cones; on both sides of the Walles augite-andesite 
makes its appearance. In the north, where the outrunners of the 
Tschebtsche mountains meet the Benue, and slightly east thereof (between 
long. 12"* and IS** E.), small volcanic hills (Gabriel, Elizabeth, Maduju) border 
this river. The rectilinear east border of the Atlantica range, and that 
of the Mandara range, which lies in its continuation, follow the direction 
to N. 35° E., as likewise does the valley of the Faro 

The lines of fracture which characterize the structure of Kamerun from 
the very margin of the ocean, extend to lat. 10° 30' N. and beyond. Then 
commence the vast alluvial plains of lake Chad and lake Schai'i, and in 
addition to the problem of the continuation of the Kamerun line, we meet 
with a hydrographic phenomenon of a peculiar kind. Barth was already 
aware that a connexion exists between lake Chad and the Niger. Lenfant 
has thrown light upon the situation®. 

The river Kabi discharges itself alx)ve Garoua into the Benue. About 
120 kilometers above this confluence it forms a cataract 50 meters high, 
then follow other rapids, and finally, the very long and narrow lake of 
Tuburi, which is connecte<l by a small watercourse, only filled at high 
water, with tlie Logone, and consequently through lake Schari with lake 
Chad. In other words, during high water in the Logone its overflow 
passes over the rapids of the Kabi to the Niger and the Ocean. 

A vast alluvial tract, perfectly horizontal to the eye, borders the Logone 
and is continued to lake Chad. The rocky rapids of the Kabi reveal the 
basement of this alluvial land. At a distance of 360 kilometers from 
the rapids, on the south-east border of lake Chad, a little group of rocks 
again emerges from the plain ; it is called Hadjer-el-Hamis (the five stones) 
and is only 100 meters high. It has been described by Lacoin ■*. Accoi’d- 
iJig to Gentil it is formed of a rhyolite with aegyrine and riebeckite, 

^ S. Passarge, Adamaua, 8vo, Berlin, 1895, 57.3 pp., maps, in particular p. 387. 
further west, in about lat. 9° N., long. 10'^ E., Boyd Alexander mentions Mount Wase 
as probably a volcanic neck, Geogr. Journ., 1907, XXX, p. 121. 

Lenfant, Be PAtlantique au Tchad par le Niger et le Beiioue, La Geogiapliie, 1904, 
^ pp. 321-342, map. 

h^coin, Sur la geologie du pays de POubangiii au Tchad, Bull. Soc. geol. Fra nce, 
190o, 4^^ stir., Ill, pp, 484-496. 
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which was exposed as it cooled to the direct influence of water vapour and 
acid fumaroles, such as Lacroix assumes in the case of rhyolites of Somali- 
land The same rock was observed by Foureau in the bed of the Logone, 
near Kusser (a little above Fort Lamy), and there possibly disturbed by 
slipping. Lenfant obtained precisely the same rock from near the cataracts 
of the Kafi. 

Further study will show whether or not these outcrops belong to the 
volcanic zone of fracture of the Kamerun, and whether this zone readies 
lake Chad in the rhyolites of the Kabi, the Logone and the Hadjer-el- 
Hamis. At present it is known to extend as far as lat. 10° 30' N., that is, 
through Uvelve degrees of latitude staHing from A nno Bom. 

Plan of the African fractures. Proceeding from west to east the map 
shows U9 first the Kamerun line as a zone of fracture and inbreak extend- 
ing into the mainland at least as far as lat. 10° 30' N. Its continuation to 
lake Chad is uncertain. It is also difficult to perceive, from existing 
observations, whether any relations exist with the volcanic occurrences 
which run north and south through Air and far to the north through 
Ahaggar. 

The short trough of Upemba is the most westerly member known of 
the long East African troughs. Towards the north these fractures extend 
through the Red Sea and Syria to the Taurus ; towards the west He the 
fractures on the Nile and the but little known fractures of the east Sahara. 
In the midst of Europe lies the Rhine trough. 

It is an undeniable fact that lines make their appearance on the borders 
of the Indian ocean wdiich indicate a relationship with the African fractures. 
The scarp of the Quathlarnba in South Africa and that of the Sahyadri in 
EawSt India have already been brought into comparison (I, p. 418). We must 
now add the Lebombo fracture, which runs in South Africa from 
lat. 27° 30' S. through four degrees of latitude towards the north. While 
Madagascar has hitherto only been recognized as a horst in a general way 
(I, p. 414), Lemoine s investigations now show that a long and rectilinear 
fracture, in addition to others of less importance, extends along the whole 
of the east side, and has been the determining factor in the outline. It 
extends from Fort Dauphin to the north-north-east across the island of 
Ste Marie to Cape Maroala, a distance of ten degrees of latitude, and is 
possibly continued in the islands which follow on the north \ As regards 

* L. Gentil in Foureau, Documents, II, p, 728 et seq. Similar rocks are met with at 
great distances from one another, for example, on the Mouny between lake Chad and 
Zinder, near Zinder itself and in Air; Ohudeau, Bull. Soc. geol. France, 1907, 4® 8er.» 
VII, p. 341 ; Lacroix, C. R. Acad. Sci. Paris, 2 jaiiv. 1905 (for Zinder) et passim. 

“ P. Lemoine, Etudes geologiques dans le Nordde Matiagascar, Contribution a riiistoire 
geologique de TOccan Indian, 8vo, Paris, 1906, 520 pp., map, in particular pp. 235, 457 et seq. 
From earlier surveys we might conjecture that lake Alaotra in Madagascar, situated 
between Antananarivo and the east coast, belonged to a trough parallel to the fracture of 
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the Sahyddri fracture we know that it cuts through the gneiss from lat. 8° N. 
to 16° N., and thence to lat. 20° N., through the lavas of the Deccan. In front 
of it lies, still unexplained, and with a divergent, more north-and-south 
direction, the line of tlie Laccadive, Maidive, and Chagos islands ^ 

The position of these lines has helped to determine the contours of the 
Ocean. Not that they can be held responsible for the subsidence of its 
bottom ; it would be more correct to suppose, as in the case of the Variscan 
fractures, that they have been produced by other causes, but have been 
made use of by tlic subsidence and have fonned its boundary. 

All the fractures and troughs mentioned above, with the exception of 
the Rhine trough, lie in a tableland, which was denuded, perhaps over its 
whole extent, certainly over India and Africa, before the deposition of the 
lower Gondwdna, and since then it has not been subjected to folding. 

Many of these fractures are distinguished by their great length, and, 
with the exception of the slightly bent Tanganjdka trough, by their 
rectilinear course. Many of them show a striking preference for a course 
approaching the meridional. They are nearly always accompanied by 
volcanos. But the most remarkable fact is that they are confined to 
a restricted part of the earth’s surface. Nothing similar is to be observed 
in Asia (with the exception of Syria and the Indian peninsula) or in 
America. It is true that fissures produced by tension (disjunctive lines) 
and bordered by volcanos are known in folded regions of these continents, 
but their course is always arcuate in accordance with the strike of the 
folds. The Rhine trough is the only one of these fractures which enters 
the region of the Altaides -. 

The repetition of meridional fractures in the most northerly part of the 
Atlantic region (Greenland to the Lofoden islands) is the only feature 
which affords some ground for comparison between this region and the 
Indian Ocean. We liesitate for the present to class the volcanic line 
of the inner Hebrides and the ancient trough of Christiania with these 
fractures. 

Where these lines correspond to a sea-coast, as in Syria, Madagascar, 
and other localities, no trough, and, m a rule, no volcanos are to be seen. 
When the troughs possess clearly defined lx)undaries, and are fairly broad 
tor long distances we ohserve a striking uniformity of breadth. In the 
Upemba trough the breadth has been estimated at 30-45 kilometers, in 
the Tanganyika trough at 35 or 40 — and in the broadest parts at 50 kilo- 

thc coast ; later observations throw some doubt on this ; Baron, Geology of Madagascar, 
Quart. Journ. Geol. Soc., 1889, XLIV, p. 306, pi. XIII, and 1895, LI, p. 58. 

A very good description of it is given by A. Agassiz, Coral Reefs of the Maldives, Mus. 
Comp. Zool. Harvard Coll., 1903, XXIX, pi. 7. 

It must bo remembered that in contrast to this tlie ancient troughs of India, formed 
efore the deposition of the upper Gondwana, approach more closely to the east-and-west 
uuection. 
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meters, in the Nyassa trough at 30-50, in the south part of the Rhine 
trough at 32-34 kilometers. The great East African trough is very 
irregular, terraces occur, then follow secondary troughs and horsts, so 
that it is difficult to arrive at a definite estimate. At a very narrow part 
in lat. 2° S. it is pos.sibly only 20 kilometers broad. The Red Sea is much 
broader than all these troughs, but its breadth is very equable. Luksch 
gives the maximum for the northern half as 334 kilometers. The southern 
and very deep paii of the gulf of Akabah possesses a breadth of water 
amounting to 27‘8 kilometers, so that the distance between its shores must 
be very nearly 30 kilometers, or perhaps more. A trustworthy determi- 
nation of further figures is to be desired. 

In the foregoing description no mention has been made of a common 
feature of the v^olcanic rocks which have made their appearance along the 
African fractures, namely, the large amount of alkalies they contain and 
the comparatively small amount of magnesia and lime. The fact only 
attains its full significance when we make a comparison with other regions. 

2. The Cape Mountains. 

As opposed to Laurentia and Northern Asia we are accustomed to 
describe Brasil, Africa, and the Indian peninsula as southern masses. As 
a matter of comparison we do so with justice. But Brasil and Africa arc 
crossed by the Equator, the Indian peninsula lies to the north of it, and we 
see from the map that as soon as we con.sider the earth as a whole they 
form a central rather than a southern girdle. This mode of expression has 
given rise to a certain preconceived opinion with regard to the connexion 
between these masses of land and the true south, or Antarctic. 

In South Africa, however, unquestionable traces of independent folding 
occur south of the equator, and scarcely more remote from it than is the 
Great Atlas on the north. The ancient mass of Africa does not reach 
the Cape of Good Hope, and has no continuous connexion with any ancient 
masses of land in the Antarctic region. 

South Africa has been de.scribed as a tableland of Karoo beds framed in 
by folded ranges on the west and south. Towards the south-east this 
frame is interrupted and the tableland lies open towards the sea ; on the 
east and north-east, traces of the frame again appear (I, p. 387). At the time 
when the description given in the first volume of this work was written it 
was not possible to determine the relations existing between the tableland 
and the ranges bordering it. Subsequent observations have shown that 
the folding of the bordering ranges of the west and south extended into 
the time of the Vari.scan and Arrnorican foldings of Europe, and perhaps 
even persisted beyond the close of the Pennian period ; it is also clear that 
the Karoo is a true foreland. This fact becomes particularly striking 
when we compare this region with India. There the marginal arcs advance 
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towards the foreland of the peninsula from north, west, and east ; here 
they advance towards the Karoo from south, west, and apparently from 
the east also. 

I take this opportunity of gratefully acknowledging the detailed infor- 
mation which I received many years ago from the late Herr Schenck, 
directing my attention to this result ; the facts asserted hy him have since 
l»een confirmed by the work of the geological survey of Cape Colony. 

Rogers has shown that the folded range of the west meets that of the 
south in true syntaxis He suggests in a letter that the whole of the wes- 
tern folds shall be called the Cedar mountains^ and the southern folds the 
Zwarte mountaim. The angle of syntaxis lies near Karoo Poort, and the 
bend of the folds is continued inland across Worcester towards the south- 
west corner of the coast. 

The stratified succession is the same in both chains, and supplemented by 
what has already been said, is as follows : 1, ancient phy Hites (Malmesbury 
beds), penetrated by granite, which is often altered into gneiss ; 2, purple- 
coloured slates and sandstones with worm tracks (Ibiqua beds ; incident- 
ally the doubtful Cango beds may also be referred here) ; 3, unconformity ; 
Table-mountain sandstone ; 4, sandstone and shales with Homalonotus, 
Leptocardia, and oiher species (Bokkeveld beds). This is the Devonian of 
the Falkland islands and of Matto grosso, the Ida shales of the Bolivian 
Andes, and the upper Helderberg of the United States ^ ; 5, shales with 
Spirophyton, and Cyclostigma (Witteberg beds); 6, unconformity; then 
the series of the Karoo from the Dwyka conglomerate, wdiich has been 
shown to be of glacial origin, up to the Stormberg beds of the Trias ; 
7, unconformity and summit of the high-lying, plant-bearing beds. At 
a lower level there follow, in the south and east only, Iluviatile gravels, 
towards the upper part sands and shales, with Palaeozamia and other 
plants ; also beds with Psamrnobia and Ostrea (Enon conglomerates and 
Wood bed)’’; then marine sediments, namely, 8, Neocomian (Uitenhage 
beds); 9, the Aptian stage, according to Kilian, found further north, in 
Algoa Imy ^ ; finally, 10, the Cretaceous beds of Natal, which, according to 
Kossinat, are not older than the lower Senonian 

The Cedar mountaim run to the north-north-west, and the folding 

* A. Rogers, Ann. Rep. Geol. Comm, Cape of Good Hope (1903), 1904, p. 13; the 
violent movements which occur in the direction of Worcester in the syntactic chains are 
described by E. Schwarz, op. cit. (1905), 1906, p. 261 et seq. 

* E. Schwarz, Detailed Description of the Bokkeveld Beds at the Gamka Poort, 
Prince Albert, Ann. Rep. Geol. Comm. Cape of Good Hope (1899), 1900, pp. 33-49. 

^ A. Rogers and E. Schwarz, Report on the Survey of Farts of the Uitenhage and Port 
Elizabeth Divisions, Ann. Rep. Geol. Comm. Cape of Good Hope (1900), 1901, pp. 3-18. 

^ W. Kilian, Ueber Aptieu in Siid- Africa, Centralbl. f. Min., 1902, pp. 465-468. 

* P. Kossmat, Die Bedeutung der sildindischen Kreideform, &c., Jahrb. k, k. geol. 
Heichsanst., 1894, XLIV, pp. 459-478, in particular p. 463. 
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is directed from west to east. The Oliphant river runs for the most part 
in a longitudinal valley. The older rocks, that is the Malmesbury beds, 
make their appearance in the west ; granite occurs in them, as for example 
in Table mountain ; they are sometimes covered by Table-mountain sand- 
stone. Piquet Berg is a syncline of this sheet of transgressive Table- 
mountain sandstone. The Malmesbury beds are not so intensely folded as 
the Bokkeveld and Witteberg beds which succeed them on the cast and 
attain a height of 1,932 meters; the height of the ancient rocks is much 
less. The south part of the range appears to be overlain conformably by 
the Dwj^ka conglomerate; and the folding is continued into the lower 
horizons of the Karoo series, in which overthrust flakes occur. Further 
north, however, the situation is different. The advance folds flatten out ; 
first the AVittebei'g and then the Bokkeveld beds gradually disappear — 
owing to excessive denudation, which must liave preceded the deposition 
of the Dwyka conglomerate — and the conglomerate then extends gradually 
not only over the remains of these beds, but also over the Malmesbury 
slates. In lat. 31® 30' S. the range has wholly disappeared. Granite and 
gneiss now set in and extend beyond the Orange river. The Langcberg is 
a long sti'ip of Dwyka conglomerate resting on gneiss. The strike to the 
north-north-west persists in the gneiss far to the north, but it is not 
certain that this gneiss is a continuation of the granite and gneiss of the 
Cedar mountains ^ Thus the Cedar mountains must be older than the 
Dwyka conglomerate ; they have been affected by posthumous movement 
in the neighbourhood of the syntaxis, and exposed to very great denudation 
before the beginning of the Dwyka. 

The Z'Warte range runs almost at right angles to the Cedar mountains 
as it joins them in syntaxis ; it possesses a similar structure, but the folding 
is directed from south to north. The syntaxis presents a number of peculiari- 
ties which may possibly throw some light on the manner in which great folded 
ranges are stowed reciprocally one against the other; we shall return 
to this point later. Near Worcester, in the midst of the region of syntaxis, 
Schwarz observed a great fault ; it strikes in a horse-shoe, corresponding 
with the bend of the syntactic folds. On the east it is continued, with 
a gradual decrease in throw, along the south side of the Langeberge for 
a distance of more than 140 kilometers. It brings a long strip of the 
lower subdivisions of the Karoo series alongside of the Malmesbury 
phylHtes; this corresponds to a vertical throw of 12,000-15,000 feet. 

* A. W. Rogers and A. L, Du Toit, Geological Survey of Parts of the Division of 
Ceres, Southerland, and Calvinia, Ann. Rep. Geol. Comm, Cape of Good Hope (1903), 
1904, p2>. 9-70 maps ; A. Rogers, Geological Survey of Parts of the Division of Piquetberg, 
Clan William and Van Rhyn's J)orp, torn. cit.,pp. 139-167; for the north, A. Rogers and 
K. Schwarz, Report on the Sun'ey of Parts ot the Clanwilliam, Van Rhyn's Dorp, and 
Calvinia Division, op. cit. (1900), 1901, pp. 19-54 et passim. 
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To the south of this fracture three or four bands of Table-mountain 
sandstone which form the summits of the folds and perhaps also the edges 
of flakes strike nearly east or east-south-east, and contribute the most 
conspicuous element to the mountain structure. In the direction of the 
syntaxis, i. e. towards the west, their strike bends back in an arc, and as 
they unite they form in this way, in the midst of the syntaxis itself, a zone 
of Table-mountain sandstone striking to the south-west, which proceeds 
from the neighbourhood of Worcester and reaches the sea in the peninsula 
cast of False bay, that is in cape Hangklip 

On the outer border of the range the folding is continued as a number 
of long anticlines and flakes into the lower members of the Karoo series, 
which appear on the map as a sort of indentation thrust in Ijetween the 
Witteberg beds. Towards tlie north the folds gradually die away, but 
a few indications of the movement are still to be seen 20-30 kilometers 
Fiii’ther north, in the outrunners of Klein-Roggeveld. These folds of the outer 
l)order have one feature in common, they all dwindle away towards the 
ciist. In this way the fact that the more recent folding, which occurred 
after the deposition of the Dwyka, increases in the direction of the angle 
of syntaxis, is expressed here also. 

Further east, on the other side of the river Gouritz and east of lake 
Prince Albert, tlie northern cliain of the Zwarte range runs from west to 
<^ast, and the parallel vallej^ of the Zwart river separates it from the 
c<|ually parallel chain of the Tyger mountains. North of these mountains 
lies tlie Karoo ^ 

Still further east the strike turns more and more out of the east into 
the east-south -east. The range, as it sinks beneath the sea, forms an 
oVilique rias coast in St. Francis bay, and Algoa bay, and on the Great 
Fish river. 

Throughout the length of the Zwarte range from Worcester eastwards 
down to the sea we observe the now isolated traces of an ancient longi- 
tudinal valley, indicated by patches of the Enon conglomerate. The 
conglomerate presents a close resemblance to the existing alluvial deposits, 
hut contains partings with Estheria. Near Swellendarn a boring failed to 
feach tlie lower limit of one of these patches at a depth of 800 feet. This 
conglomerate, which is of very nearly the same age as the European Weald, 
has not been folded, but presents here and there steeply uptunied beds. 

* Corstorphine, Rogers, and Schwarz, in Ann. Rep. for 1897 and 1898 ; and, in particular, 
h. Schwarz, Geological Survey of the Divisions of Tulbagh, Ceres, and Worcester, op. cit., 
(1%) 190G, pp. 259-290. 

^ ^ C. Sandberg (Tectonic Remarks on the probable Big Tygerberg inverted Fold, 
bans. Geol. Soc. S. A., 1906, IX, pp. 82-89) regards the Tygerberge as the brow of a 
plunging sheet ; this view is contested by Schwarz (The Tygerberg Anticline, Geol. Mag., 
hl07, no. 5, IV, pp. 487-490). 
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Rogers observes that the existing rivers of the Zwarte range flow from the 
north hither as though they would enter the mountains, cross the ancient 
longitudinal valley, and then reach the sea across the older rocks of the 
inner zones The situation is the same as in Chili, where the transverse 
valleys coming from the Andes cut through first the longitudinal valley 
and then the coastal ranges. 

In the south-east the tableland of the Karoo meets the sea ; a fragment 
of the African structure is missing (fig. 44; I, p. 388). From the St. John’s 
river onwards, however, the rocks of the Zwarte range crop out again, now 
more gently folded and with a north-north-east strike. The same structure 
seems to be continued into Natal, but there is a lack of recent observations 
(I, p. 393). These are the remains, as yet but little known, of a third range, 
the Pondo 'unaiintains. Dr. Rogers has kindly communicated to me by 
letter his conjecture that in the south-east a second syntaxis, similar to 
that of Worcester, exists beneath the sea 

Thus this region seems to present the advance of three great folded 
ranges, such as we have seen in the Indian peninsula and towards the 
north of the Pacific Ocean. In this way Africa is shown to possess, even 
more clearly than before, the characters not of a sonihem but an equatorial 
forelandy and the southern hemisphere here presents unmistakable traces of 
a repetition of the Asiatic structure, but with a movement towards the 
north. 

At the same time, however, we perceive the remarkable fact that the 
Indian chains with which we have instituted a comparison were still in 
course of formation even after the Miocene period, while in Africa the 
mountain formation ceases in the Permian, at latest in the lower Trias. In 
this respect South Africa presents a much stronger resemblance to the 
pre-Permian part of the western Altaides, which lies in the corresponding 
meridians, than to any other part of the periphery of Asia. At the same 
time the Cape mountains are not formed by back-folding, and the Zwarte 
range, at least, is not a free branch. 

^ A. Rogers, The geological history of the Gouritz River System, Trans. S. A. Phil. Soc., 
1903, XIV, pp. 375-384, map. 

* This theory is also indicated in Rogers's Introduction to the Geology of Cape Colony, 
8 VO, 1905, 463 pp., map, in particular p. 27, fig. 3, and p. 96 ; also D. Draper, Marble 
Beds of Natal, Quart. Joum. Geol. 8oc., 1895, LI, pp. 51-56. 
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RclationB of the OceanidcH to the south. Fore-deeps forming the boiindarieB of Asia. 
The line of Ruahine, Kermadec, and Tonga. The first Australian arc. New Guinea to 
New Caledonia. Second Australian arc. The Carolines, Fiji. Third Australian arc. 
Virgation coming from New Zealand. Polynesia. Paumotu, Haroia, Samoa. Summary. 
Atolls. 

Relations of the Oceanldes to the soiith (II, p. 149). Van Diemen’s I^and 
is a fragment of Australia. The east coast, common to l:.K)th, extends 
through more than 34 degrees of latitude up to the south of New Guinea. 
Tertiary sediments, which elsewhere in Australia extend into the interior, 
especially from the south coast, are absent on the east coast. It is 
therefore regarded as a recent fracture. On the west coast of York 
peninsula, in tiie giilf of Carpentaria, apposed limestones are described as 
occurring in terraces. These are absent from the whole of the east coast, 
and, extended along its northern half, lies the great Barrier Reef. Agassiz 
has pointed out how the moxintains which accompany this coast again and 
again project towards the north in high and narrow rocky promontories, 
and in islands, scarcely separated from the mainland, such for example as 
Hinchinbrook island, which rises to over 900 meters. In front of this 
rocky coast lies a broad submarine plain descending gently as it passes 
<.»ut to sea, and rising into smaller islands which sometimes attein a height 
of over 300 meters. Here lie the lifeless remains of an ancient reef, and 
the living reef follows next its margin. Between lats. 18** 30' and 15° 30' S. 
a l>road plain, to all appearance but slightly submerged, extends in front of 
the reef, and is separated from it by depths of 1,100 to 2,300 meters \ 

The outlines of the coast might lead us to suppose that the seaward 
face of Australia is fonned by a series of more or less parallel fractures. 

The whole of the east cojust is accompanied by the alternating ranges of 
the Australian Cordillera, in which the folding is at least older than a pai’t 
of the (carboniferous. The seaward face, or zone of fracture, may therefore 
he regarded as a longitudinal fault, and for this reason J. W. Gregory 
de^scribes the east coast as belonging to the Pacific type, the south coast to 
the Atlantic type 


^ A. Agassiz, Visit to the Great Barrier Reef of Austmlia, Bull. Mus. Comp. Zool., 
1^98, XXVIII, pp. 95-U8,inaps. 

W. Gregory, Geography of Victoria, 8vo, Melbourne, 1^, p. 32 et seq. 
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The Coi’dilleni is continued, accori^ng to Haddon, Sollas, and Cole, in 
islands, formed chiefly of granite, from* YorkJ?eninsuIa across Torres Strait, 
and it tenninates on the margin of the great southern plain of New Guinea 
in the granite hill of Mabudauan 

The succession of marine strata in Australia presents many more gaps 
in the Mesozoic series than that of Timor, New Caledonia, or New Zealand. 
The Cretaceous system, which often begins with tlie Aptian stage, extends 
over broad Archaean regions ; according to recent observations the desert 
sandstone is assigned to it. In the west a transgression of the Jurassic 
zone of Stephanoceras Huwphrmmmm is known (IT, p. 160). This trans- 
gression has an important bearing on comparisons to be drawn later. 

We have already seen tliat Au^fdaTid consists of granite, Tertiary sand- 
stone, and volcanic rocks. Macquarie is formed, according to Ferrar and 
Prior, of a dolerite, which shows signs of dynamic action (slickensides, &c.) ; 
from CamjMl Island doubtful Me.sozoic, Cretaceous and volcanic rocks 
are known ; from the Antipodes dolerite and phonolite ; from Bounty 
islandy granite ; and from Chatham island, mica-schist, Miocene limestone, 
and volcanic rock are mentioned (II, p. 149). These islands are not 
arranged on perceptilde lines, and their characters aflford no definite answer 
to the question whether the Australian mass is continued towards the 
south. It is only beyond lat, 66** S., and particularly lat. 70* S., that 
observations begin to present continuity. 

The Ballmy islands extend towards the south-east ; they are volcanic ; 
in 1839 Captain Balleny discovered an active volcano among them. 

Scott island (long. ITO’’ 55' W,, lat. 67"* 24' S.) is formed, according to 
Prior, of phonolitic trachyte. 

In the neighbourhood of the Antarctic circle there are indications of 
a great continent. These begin west of the Gauss mountain (lat. 66* 48' S., 
long. 89* 30' E.) which consists of leucite basalt *. Wilkes Land belongs to 
this continent, and probably the whole of South Victoria Land up to 
long. 180* or even further. Dumont d’Urville, judging from ice-bonio 
boulders, had already conjectured that it was formed largely of granite and 
gneiss. Philippi mentions red quartzite obtained from the crops of pen- 
guins. Borchgrevinck obtained garnet-tearing aplite and mica-schist from 
cape Adare, where widely distributed lavas also occur 

^ A. C. Haddon, W. J. Sollas, and G. A. J. Cole, Geology of Torres Straits, Trans. Roy* 
Dub. Soc., 1894, XXX, pp. 419-476, map. The Murray Islands, Uga, and Erub, consist 
of recent lavas. 

* P]. Philippi, Geologische Besclireibung des Gauasberges, in Deutsche Stidpolar- 
Expedition, 1901-1903, edited by E. vou Diygalski, II, pp. 49-71. 

^ David, Smith, and Schofield, Notes on Antarctic Rocks, collected by Mr. C. b* 
Borchgrevink, Journ. Proc. Roy. Soc. N.S.W., 1895, XXIX, pp, 461-492; G. T. Prior, 
Petrographical Notes on the Rock specimens collected in Antarctic Regions during tbe 
voyage of H.M.S. Erehus and Terror* under Sir J. C. Ross, Min. Mag., 1900, XIT, pp* 69-91. 
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We now follow the accounts furbished by the Discovery under Captain 
R. Scott, and in particular the geological observations of his companion 
Ferrar Indications of the presence of land extend in an almost easterly 
direction os far tis the meridian of the Balleny islands, and south of these 
islands, a coast which is known in greater detail begins near cape North, 
in lat. 7if 30' S., long. 166® E. It runs along South Victoria Land almost 
to long. 171° E, and then turns nearly due south. Ross travelled along 
this coast as far as the volcanos of Erebus and Terror, whicli lie off it 
between lats. 77° and 78° S. Scott, in a journey which tried his powers of 
endurance to the utmost, explored it as far as lat. 83° S. From lat. 79° 
or 80° S. onwards it trends more to the south-south-east. It corresponds 
to the lofty east border of a great elevated plateau of dolerite and 
sandstone, which extends through 13 degrees of latitude. On its ice- 
covered surface, between lats. 77° and 78° S., Scott travelled westward 
into the interior for a distance of more than 300 kilometers and at 
a uniform height of 9,000 feet. 

At the east foot of this plateau four or five volcanic cones rise along 
the coast. The little off-lying islands have only furnished volcanic rock 
as far as Ross island, which bears the four great volcanos, Erebus (3,998 
meters, active), Bird, Terra Nova, and Terror. Crater mountains, l)oth 
large and small, occur between Ross island and the border of the plateau, 
particularly towards the south-west. At the base gneiss occurs, and with 
it steeply upturned beds of white granular liincwstone. These are followed 
by granite at greater heights. 

The edge of the plateau is visible near long. 161° E., lat. 77° 45' S., 
beneath the inland ice. Here Ferrar observed a sheet of dolerite as much 
as 700 feet in thickness extending from a height of 8,000 feet downwards, 
beneath this came liorizontally stratified sandstone (Beacon sandstone) with 
Carboiiaceotis matter, traversed by sills and some pipes of dolerite. It is 
visible for a thickness of 2,000 feet. The whole series rests on granite and 
gnci.ss. The regions which lie further south are unknown except as to 
their contours. In lat. 80° S. Barne obtained a fragment of schist, and 
horizontal bedding is mentioned, but this may only indicate Hows of basalt. 
In lat. 83° S. mount Markham rises to a height of 15,100 feet (4,612 meters) 
as estimated by Scott. — 

These characters, notwithstanding the number of recent volcanos, do 
not indicate a Pacific structure. The horizontal position of the sandstones, 
the wide distribution of gneiss and granite, and all tha contours show that 
Ihis plateau belongs to the Atlantic type. As regards South Victoria, we 
nni.st agree with F errar that the coast is broken off. It recalls the fractures 

Captain R. P. Scott, Voyage of the Discorert/, 2 vols., 8vo, maps, Ijondon, 1905, in 
particular H. T. Ferrar, Summary of Geological Observations, 11, pp. 437-468, and Nat. 
Antarctic Expedition, 1901-1904, Natural History, 1, Geology, 4to, 1907, 160 pp., maps 
(published by the British Museum). 
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of East Africa rather than a Pacific arc, and this comparison is in complete 
accordance with the conclusions of Prior based on the nature of the rocks. 
Whether or not King Edward VII Land, which is situated further east 
(lat. S., long. 100‘'-150® W.), and has furnished loose fragments of 

ancient rocks, must be referi*ed to the same type, can hardly be determined 
at present. It is certain that the regions lying still further east, such as 
Graham's Land, possess a different structure. 

Philippi believes that the Gaussberg also exhibits the Atlantic type, since 
the nature of the eruptive rock in South Victoria Land is the same as that 
which characterizes the Atlantic regions. The significance of this character 
will be discussed later. Professor Gregory, who is well acquainted with 
Australia, also assigns South Victoria Land to the Atlantic type. 

This view is well founded. The Gaussberg, Wilkes Land, and South 
Victoria are to be regarded as a continent of Atlantic structure ; we may 
name it Antardh, 

In connexion with this discussion, it must not be overlooked that the 
structure of the Cape mountains suggests the existence of a wide extension 
of folded mountains both to the east and the west. But of this there are 
no visible indications. It must also be borne in mind that the south of 
New Zealand presents a range of divergent structure whicli strikes out to 
sea through Stewart island, and the continuation of this is also (juite 
unknown (II, p. 147). 

Fare-deeps fen^ming the houndavies of Ania, The island world of the 
Pacific, although it only appears as isolate<l peaks and fragments rising 
out of the vast expanse of Ocean, yet claims on account of its wide dis- 
tribution a prominent place in the plan of the earth’s surfac<\ The parts 
exposed to view are arranged in long and often arcuate lines ; and it is 
becoming increasingly clear that most of these are the trendlines of 
recent mountain chains. We have already seen that in Java the beds with 
Lepidocyclina are foWed, and Verl)eek’s description of Lcitirnor shows that 
in this island also very recent coral beds are carried up to a considerable 
height, inclined, and occasionally folded L 

Recent folds of similar character are met with at several localities in 
Oceania, in a striking form, for instance, in the New Hebrides. 

The grouping and classification of the whole swarm of islands woiiM, 
however, hardly be possible if the investigations of recent years had not 
revealed the instructive fact that the greMest ahjssal depths, having the 
form of elongated furrows, lie in front of the miter Ixmler of the arcs of 
Pacific ty 2 >e. 

These deeps were first descrilied as ‘channels'. Supan suggested in 
1899 that they should be called * troughs’, but with the express reservation 

^ R. D. M. Verbeek, Description <jeologique de Tile d’Ambon, Jaarb. Mijnw. Ned. 
O.-Ind., 1905, XXXIV, 323 pp„ atlas. 
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that the term should be taken to apply only to their form and not to their 
mode of origin. As fresh facts were brought to light Supan conjectured 
that the troughs were connected with foldings ^ It is indeed obvious that 
this is the case. 

We have frequently pointed out that elongated deeps or depressions lie 
in front of the more recent folded ranges. Examples are afforded by the 
valley of the Guadalquivir, the Persian Gulf, and the thick alluvial deposits 
of the Ganges. These depressions are frequently masked by sediments 
which fill them up, as, for instance, the delta of the Tigris and Euphrates, 
and that of the Ganges and Brahmaputra. The obliteration is even more 
complete when brought al>out by marine Tertiary deposits. In Central 
Europe the special question of frame-folding has to be taken into account, 
yet it must not be forgotten that the Tertiary marls fill great depressions 
in front of the brow of the Carpathians as well as of the Alps. 

These depressions mark the subsidence of the foreland beneath the recent 
folds. They have received the name of ‘ fore-troughs \ But they are not 
troughs in the usual sense of the term ; their two sides are of different 
structure, and it therefore seems advisable to call them ‘fore-^deeps \ With 
one or two exceptiops, all marine abysses which sink bdoxv a depth of 
7,()()0 meters are fore-deeps in a tectonic sense and indicate the subsidence 
of the foreland beneath the folded mountains. Thus we are brought back 
to the question, whether the greatest deeps, like the highest mountains, are 
not the most recent^. For the present, however, we will consider only the 
distribution of these deeps in the south-western or western part of the 
Pacific Ocean, and not their connexion with the structure of the mountains. 

With this object we must fii'st examine the map of the Oceanic depths 
between the Marianne islands and Celebes, which has been published by 
Schott and Pcriewitz In addition to the more remote fore-deep of the 
Liu-Kiu islands, which sinks over an elongated tract l>elow a depth of 
7,000 meters, this map marks an abyss, which runs from the east side 
of the Marianne islands around Guam, and then to the south-west ; a second 
shorter depression, east of Yap, with a wsouth-south- westerly direction; 
a third cast of the Pelew islands, running at first almost north and south, 
and then further south towards the south-west ; and a fourth, lying east 
of the Talur islands, which starts a long way off from the east side of the 
Philippines. 

These several fore-deeps are thus arranged in a series of oblique 

^ A, Supan, Die Bodenformen des Weltmeeres, Peterm. Mitth., 1899, pp. 177-196, map, 
m particular p. 180 ; Die SundagrJlben des Malaischen Archipels, op. cit., 1907, pp. 70-71, 
aiap. 

Arc Ocean Depths Permanent? Nat. Science, March, 1893, pp. 180 -187, in particular 
P* 181. 

. <5 ®^bott and P. Perlewitz, Lotungen J. N. M. S. ‘ Edi * und des Kabeldampfers 
‘Stephan \ Arch, deutech. Seewarte, 1906, XXIX, no. 2, 38 pp., maps. 
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coulisses which all strike, at least in their southern half, towards the 
south-west or south-south-west. They murk the emtern boundmy of the 
Asiatic aydeni. 

The Marianne islands, Yap, the Pelew, Philippine, and Talur islands are 
to be included, therefore, in Asia. To the east of them lie the Oceani<les. 

We w'ill now consider certain details. 

In the Bonin islands Numiriulitic limestone is said to occur (III, p. 146). 
According to later investigations by Yoshiwara the islands are arranged in 
two series. One of them, the Ogamvxira chain, lies in the east between 
lat. 27^ 4(y and 26° 38' N. (Plymouth island or Muko-shiina, the Parry 
group or Chichi-shima, Barley islands or Haha-shima, and many smaller 
islands). This series is fomed of Eocene limestone with Nummulites, 
alternating with older eruptive rocks and rising to a height of over 
6(X) feet ; horizontal Lcpidocyclina limestone rests against it unconformably. 
In the northernmost island, Stapleton or Ototo-.shima, serpentine is said to 
occur The second series of the group runs west of the first from Lott’s 
Wife to the Sulphur islands ; thi.s is marked by active volcanos, and it 
forms the continuation of the line of the Fuji volcanos which cuts thnmgh 
Honshiu. Near Sulphur island or Iwo-shima a new island, Neo-shima, 
arose in the winter of 1904-5 

The Ogasfiwara chain must thus be regarded as the remains of one of 
the younger Cordilleras. 

The Marianne islands form an arc slightly convex to the east; no 
cordillera is visible. Fritz states that all the islands of this arc lying 
north of lat. 16° N. are young volcanos of regular fonn ; at their foot 
is coral limestone which scarcely rises above the sea level, while the six 
islands situated wsouth of lat. 16® N. are covered with limestone up to their 
very suniiiiits and are clearly broken up into terraces 

Alexander Agassiz enumerates twelve active volcaTios as occurring in 
the northern Marianne island.s Avhich extend up to the Farallon do Pajaros ; 
he recognized a connexion extending througli 20 degrees of latitude froiii 
Guam to Japan. B/Aa is about 800 feet (24-3 meters) in height and 
is a typical limestone plateau. Mau presents fivf^ terraces in the north 
and seven in the south, and tnice.s of two recent negative movements of 
not more than 3 to 4 feet each. Guam, likewise shows limestone ternices ; 
the lower sometimes deeply incised ; in places the limestone rises in vertical 
clifis as much as laO meters in height, and rows of caves are to Ixi seen in 

' S, Yoshiwara, Geological Age of the Bonin Islands, Geol. Mag.. 1902, Dec., IV, 
vol. IX, pp. 296 303, map. 

® Zeitschr. Ges. Erdk., 1905, p. 382 ; on the 2nd January, 1905, it was about 150 meters 
bigh.^ 

* Fritz, Bericht iiber die Insel Rota (Mariannen) 14= T 30" N., Mitth. deutsch. 

PP- 1^4-204 ; and lleise narh den nOrdlichen Mariannen. op. cit., 

1902, XV, pp, 96-118. 
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their face, corresponding to the heights of former terraces which have been 
destroyed by land slips. This is no doubt a consequence of interruptions in 
the negative movement, for the action of rain would have been to produce, 
not a line of caves, but vertical funnels. On the east side the coral lime- 
stones are stratified and dip towards the sea. Considerable disturbances 
liave been observed in the limestone ; Agassiz regards them as connected 
with the eruption of volcanic rock, which htus altered the limestone in 
contact ; we should be inclined rather to Tigard them as produced by 
tectonic folding. The west coast of Guam, like the island of Rota is 
marked by a very recent negative movement of 3^ to 4 feetb 

The fore-deep of Guam is one of the most remarkable existing. It 
bends in an arc around the south side of the island. Flint has collected 
the mast important numerical data concerning it^. South-east of Guam, 
about 40 kilometers from the shore, —2,079 meters was sounded, at about 
80 kilometers from the shore, of —4,090 meters. At a distance of aVjout 130 
kilometers (lat. 12° 51' N., long. 145° 46' E.) the Alhatroas found —8,802 
meters, and not far from this spot the ^ero sounded —9,636 meters, the 
greatest depth which has as yet been discovered. Then the sea l)ottom 
rises in the direction of the Ocean. From —8,985 meters we soon pass 
to an isolated summit lying at only —4,592 meters ; Schott and Perlewitz 
dijscriV>e it as a horst ; tlien the Ocean extends far and wide with a depth 
of about 5,700 meters. — 

V^)lckens and E. Kaiser state that tlie island of Yap together with 
Ruiuong ami Map consist of amphilx)lite and actiuolite schist. In Map 
a breccia is sai<l to occur which contains l)oulder8 up to a meter in diameter 
formed of fresh gabbro and pyroxenite, as well as amphibolite and hom- 
blende , syenite ^ This recalls the assex^iation of gabbro and amphibolite 
in Mentawei and Java (III, p. 236), where these rocks are not ohler than 
the middle Cretaceoms. 

According to Schott and Perlewitz an almost level sea liottom extends 
west of Yap at —3,000 to —4,000 meters; then it rises very rapidly 
up to the island. To the east the submarine slope to about the same 
depth Is gentler, and then the l>ottom suddenly sinks to —7,538 meters. 

' A. AgiisHiz, Coral Reefs of the tropical Pacific (Reports on the Scientific Results of 
the Kxpedition hy the steamer A7battx>.ss. IV), Mem. Miis, Comp. Zool., 1903, XXVIll, 
410 pp.^ maps, in particular p. 365 et seq. From the FariilJon tic Pajaros, E. Kaiser 
mentions angite-aiulosite, and from Saipan andesitC'Obsidiiin, Jahrb. k.qaeuss. gool. 
Umlesanst, 1903, XXIV, p. 114 ct «eq. 

' 0. Volkens, Ueber die Karoliuen-Insel Yap, Vorh. Ges. Erdk.. 1901, XXVHI, pp. 62- 
'b, map ; E. Kaiser, Beitrag zur Petrognipbie und Geologic der deutschen Sudsee- 
Jahrb. k. preuss. geol. Landesiinst., 1903, XXIV, pp. 91 121, map, in particular 

I‘- 114 ei stMp 

\ir ^hut, Conilibutions to the Ocetinography of the Pacific, Bull. U.S. Nat. Mus. 

ashington, 1905, no. 55, 62 pp., maps. 
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On the other side of the fore-deep, towards the east, there is a broad 
ascent to —4,000 meters. The fore-deep itself mounts rapidly along 
its longitudinal axis, that is towards the north-east and south-west, to 
— 6,000 meters. 

The PeUu} islands consist, according to Kubarj' and Wichmann, of 
augite-andesite and tuff, which form the great island of Babelthuap, and 
a group adjoining it on the south ; superposed on this is limestone. Semper 
mentions domes of limestone reaching a height of 200 feet ; according to 
Kubary it forms on the southern island of Angaur a steep rock, 500 feet 
in height. It is descril)ed as coarse grained, compact, crystalline, well- 
stratified and fossiliferoiis. 

Rolled pebbles of syenitic granite occur on the coast ; but on the island 
of Malakal they also occur up to a height of 500 meters 

Some shallows on the north give to this chain of islands the form of an 
arc convex towards the south-east* On the west the sea bottom does not 
sink much below —4,000 meters ; on the east the fore-deep consists of 
a northern half lying at —8,138 meters and a southern half below —7,000 
meters. The boundary between the two halves rises up to —6,254 meters. 

The Tidur islands are almost entirely sedimentary (JII, p. 262). 

The soundings of the ‘ Planet * show, according to Brenneckc's 
account, an elongated fore-deep lying off* the Philippines at a distance 
of about 25 or 45 knots east of the coast. In lat. 12" 23' N., only 25 knots 
from Samar, the bottom was not reached at — 8,9(K) meters ; east of 
Mindanao —8,500 was sounded in lat. 8'" 35' N., and in lat. 7*" 5' N. the 
bottom was not reached at —8,554 meters. From this point the fore-deep 
turns towards tl»e south-south-east, arrives east of the Tulur islands with 
soundings of —7,243 meters, and is continue<l as a fiin’ow of - 5,1CX) meters 
along the east side of Morotai \ Thus confirmation is given to the con- 
jecture (hat Alrruihera heloofjf^ to the Philipp! nes, and at the same time the 
eastern lx>undary is determined by the great virgation of which Borneo 
forms part (III, pp. 261, 265). 

The Carolines and New Guinea l>elong to quitf 5 another system. 

We have already seen that no limit is known to the arc-producing 
force of Asia in the direction of the Ocean (HI, p. 146). Towards the 
south-east this boundary extends along the east side of the Marianne 
islands, from Yap, through Pelew, to Alinaliera. 

Phe line of Riiahine^ KerniOAleA.\ and Ton<ja, Man}' years ago Dana 
attempted to determine the trend-lines of Oceania. He was able to dis- 

' J. Kubary, Die Palau luscln in der Sddiee. Journ. Muh. (Jotieffroy, 1878, IV, pp. 177 - 
238; A. Wichmann, Zur geologischen KenntniHs tier iVIau-Inseln, op. cit., 1875, VIII, 
^55-209 ; map of these iHlandd by L. Friederichsen, op. cit., IV, pi. 1 ; K. Oebbeke, 

k.-preusj. geol. J^ndesanst., 1903, XXIV, p. 113. 

W iijtnnecke, Forschungarewe ‘ Planet \ Ann. d, Hydrogr., 1907, pp. 193-198. 
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tinguish : (1) Haivaii (with Fanning and Marquesas) ; (2) the Poly'iiesmn 
chain (Ralik and Radak, Gilbert, Ellice, Samoa as far as Tubnai and 
Paumotu). He found that Samoa lay in an embayment caused by a 
bending of the strike out of the south-east into the east-south-east direc- 
tion ; (3) the Audralian chain (on the other side of the Caroline islands, 
which may be regarded as a connecting link, all the islands from the zone 
of the Admiralty islands to the New Hebrides, as far as Australia) ; this 
group is arranged more nearly in the fonn of an arc ; (4) the Nev) Zealand 
chain (Macquarie, New Zealand, as far as the north end of the Tonga 
islands). This chain strikes to the north-north-east almost perpendicular 
to the generally prevalent north-west direction 

This conception of the facts reveals much insight ; Dana’s transverse, 
line of New Zealand is in fact a main l:)oundary. Following Dana as to 
the essential points we shall here name the western region the Australian ; 
the eastern region, however, we shall speak of, in correspondence with 
general usage, as the Polynesian. Hawaii will be considered later. 

In the south island of Nev) Zealand (II, p. 143) two ranges, now visible 
only in fragments, encounter one another. One of these, but little known, 
strikes to the south-east across Stewart island. The other, folded towards 
the east-south-oast, strikes to the north-north-east. Its western and older 
zones disappear on Tasman baj’’ ; the eastern zones, which are Palaeozoic 
anfl Mesozoic, form the Ruahine range on the east side of North island. 
Where the older western zone of the south, consisting chiefly of gneiss and 
ancient scliist shouhl make its appearance in North island, we encounter 
instead a zone of subsidence, Hochstetter’s Taupo zone, situated to the wovst 
of the Ruahine zone. This zone, beset with numerous smaller eruptive 
centres, inclinles tlie great volcanos Ruapehu and Tongariro, and the 
tissure of the volcano Tarawera, which, previously I'egarded as extinct, 
opened up on June 10, 1886, with disastroiis consequences. 

In the bay of Plenty, situated on the continuation of the Taupo zone, 
lies the volcano of White island, and P. Smith has sliown that the Siime 
volcanic line is continued to the very active volcanic islands ol the 
Kermadec group which also run towanls the north-north-east In Riioul 
(Sunday island) iHUildcrs of hornblende granite are met with ^ 

^ J. D. Dana, Manual of Geology, 2nd ed., 1875, p, 29 et seq., et passim. Among later 
attempts we may mention T. Arldt, ParallelUmns der fnselketten Oceaniens, Zeitschr. 
Ges. Erdk., 1906, pp. 323-846, and 385 -404, map. 

^ Percy Smith, Geological Notes on the Kermadec Group, Ti-ans. N.Z. Inst., 188 1 , XX, 
pp. 333- 344, 

’ A. P. W. Thomas, Notes on the Rocks of the Kermadec Islands, Trans. N.Z. Inst., 
1B87, XX, pp. 311-315. The boulders appear to have been cast up by eruption; it is 
fioubtful whether they are of great age, or have been produced from the base of the 
tunnel. Speight mentions tachylite from Macaulay island ; elsewhere andesites prevail, 
op. cit., 1895, XXVllI, pp. 625-627. 
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Botli Smith and Lister regard the Toniga islands as a still further 
eontinuation of the same line, as indicated by the Minerva bank and a sub- 
marine ridge. These islands also run towards tlie north-north-e^ist. They 
consist of an eastern and a western zone ; the western is fonned by a series 
of volcanos. Falcon v olcano was a slightly submerged reef in 1867, emitted 
smoke in 1877, once broke into eruption in 1885, stood at height of 
slightly over 60 meters in 1887, and in 1889 was again almost entirely 
washed away. Metis likewise arose in iiuite recent times. Sevenil others 
of these volcanos have been seen sending forth steam. 

The easteni zone consists of terraced limestone. On 7vaa, the most 
southerly island, a block of uralitised gabbro has been found, either in 
place, or brought up by volcanic agency ; loose crystals of garnet and 
tourmaline also occur. The core of the island was formed by an ancient 
eruption, which carried up torn-ofF limestone fragments to a great height. 
This core is mantled by limestone whicli is divided into terraces, and 
these are higher on the outer, and lower on the inner side, as though there 
hail been a sufficient interval Ixjtween tlie negative movements for the 
growth of an atoll. The liighest .step in tlie limestone occurs at a level of 
500 feet (152 meters). The limestone is invaded by volcanic dykes. 

The other islands of the eastern zone, Tonrja TabUy the Hapai and the 
Vaimv group show no volcanic ba.semeut ; the temicing is particularly 
well marked in the Vavau islands; Lister distinguishes among them, some 
with one terrace, some with two terraces, and some with three. In this 
respect they resemble the Loyalty islands (II, j). 315). The highest platform 
reaches a level of 520 feet (158 meters). 

Lister believes that these islands have formed on volcanic banks, 
perhaps like that of the Falcon L 

W'e might hesitate to suppose that a connexion, passing tlirougli the 
Kermadec gi*oup, should exist between New Zealand and the Tonga islands, 
which are 16-17 degrees of latitude distant from it, but the Tonga islands 
theinseh^es follow' the same strike through 3| degrees of latitude as far 
HwS Amargura, and a very considerable foe-deep lying on the east side 
confirms the .supposition. 

Even in lat. SS*" S. (east of the northern extremity of New Zealand) 
the .sea l>ottom lies at -8, (XX) meters ; in lat. 30® 27' S. (east of Kermadec) 

' J. J. Lister, Notes on the Ceology of the Tonga Inlands, Quart. Journ. Geol. Soc., 

XLIV, pp. 590 617, map; Geogr. Journ,, 1890, XII, p. 157 ; numerous details are 
frivru by C. Phillips, The Volcanos of the Pacific, Trans, and Proc. N.Z. Inst, 1898, XXXI, 
lip. 510 551, 1899, XXXII, pp, 188-212 ; according to a note in this work communicated 
by Hector (XXXI, p. 514) Falcon was produced by an eni])tion of rhyolite, a rock rare 
m tfafc«o rcjrions and recalling New Zealand. A chart of the depths is given by 
KnimuKl, !)](; tiefste Depression des Meere^bodens, Hettner's Geogr. Zeitschr., 1899, 

V , pp. 5<:i9-5l2, pi. 10 ; also A. Agassiz, Coral Reefs, pp. 175 203, pi. 213, 214. The last- 
nciifii'd map «hows the contrast between the two srrw of islands. 
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the PenffV/m sounded —9,428 meters, in lat. 28“ 44' S. (north-east 
of Raoul) —9,413 meters, in lat. 23° 29' S. —9,193 meters; on the south- 
east of Eua (Tonga islands) —8,700 meters is still met with, and south-east 
of Keppel (North Tonga) —8,280 metei-s. The three points with a greater 
depth tlian 9,000 meters lie 600 kilometers distant from one another. They 
are separated l>y intervals of -7,000-8,000 meters. 

These depths are the more remarkable since the whole of the sea 
situated towards the west seldom reaches" — 4,000 meters, and that on 
the east sinks at most to — 5,0(X) meters. Towards Samoa the depths 
rapidly decrease, and the volcanic mountains of Samoa are evidently 
alined in another direction — east-south-east. The boundaiy must be drawn 
west of Samoa. In this way the archipelago is divided into the Australian 
portion and the Polynesian portion. That the depression is a tnie tectonic 
fore-deep is shown by its position in front of the mountains of northern 
New Zealaml (Ruahine) which are folded towards the east. 

Jensen, who described an eruption which occurred in 1906 in Toftia 
(Tonga group), would extend the line from New Zealand even as far as 
Samoa ; he regards the depths fis true fore-deeps, and the whole line as 
possibly produced by overfolding from the west-north-west b 

Fird A usiralUtn arc. The Australian archipelago, Ixninded on the 
north-west and east by the greatest depths so far known, is divided into 
three arcs. The first and innermost runs from New Guinea into the north- 
north-west peninsula of New Zealand. It falls into two adjacent arcs ; 
New Guinea, Louisiade, New Caledonia, New Zealand, fonn one, and 
North Mecklenburg, Solomon islands, New Hebrides, the other. In l)oth 
ancient rocks arc exposed. The second arc is formed by the Caroline, 
Radak, Gilbert, Ellice, and Fiji islands. The third arc, almost a straight 
line, includes Tonga, Kermadoc, and north-east New Zealand. 

Nevj OvAtiea (II, p. 165 ; III, p. 243). Our previous descriptions of 
this great island were very bare, and even now we can scarcely offer more 
than isolated and disconnecterl data. Yet New Guinea measures thrice the 
length of the Alps between Lyons and Vienna, and it is travei-sed by a long 
and lofty mountain range. 

The contrast between New Guinea and the ancient mass of Australia 
would be still sharper were it not for a vast stretch of hilly country and 
plain which adjoins the south side of the mountains, and probably occupies 
the whole of the southern part of New Guinea, from the gulf of Papua 

^ A submarine eruption Bitviated outskle the southern continuation (I’aupo zone), yet 
within the conjectured continuation of the great de})tbs, took place outside Open hay, 
Zealand, on Dec. 18, 1877, Ann. Hydrogr., 1878, VI, p. 370; also Rudolph, Sub- 
^^Jirine Erdbebon und Entptionen, Gerland, Beittiige zur Geophysik, 1887, 1, p. 359; 

Jensen, Geology of Samoa and Eruptions in Savaii, Proc. Linn. Soc, N.S.W., 1906, 
XXXI, pp. 641 672, in particular p. 661 et seq. 
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nearly up to the western end of the Chaides Louis range. On the south 
margin of this lower lying land rises the granite hill of Mabudauan, 
which belongs to Australia. A considerable area is drained by the Fly 
river. D’Albertis, M’Gregor, and others have explored this region; the 
data whidi are of most value to us were collected by the expedition of . 
Edelfelt and Sevan, who explored the Strickland river (left tributary of 
the Fly) in 1855. In the first hill ranges on the upper Strickland marine 
Tertiary beds were observed, and further up the river in lat. 6° 35' S. a fossil 
shell (Inoceramus or Aucella) was found ; middle Jurassic Ammonites occur 
enclosed in nodules. They are compared with Stephanoceras callovienae, 
IS. Blagdeni, and <S. corowttum, and point to an horizon not far removed 
from the middle Jurassic transgression of western Australia 

Still further north, finally, in lat. 5° 30' S., on the Palmerston river, 
3-| degrees of latitude from the hill of Mabudauan and the coast, we reach 
the foot of mount Blucher and mount Donaldson, which are foothills of the 
principal chain. Ten Brink recalls the fact that in the year 1623 Jan 
Carstens, sailing along the south-west coast in lat. 5° 14' S., saw a snow- 
covered range in the interior of the island, and that these snowy peak.s 
were not .seen again until the year 1881. These highest sumuuts, probably 
reaching as much as 5,000 meters, are shown on a sketch map by Ijzermaim 
as the eastern continuation of the Charles Louis range, in long. 137° 11' E., 
lat. 4° 14' S.* 

The presence of middle Jurassic beds leads us to .suppo.se that the south 
of New Guinea must stand in some tectonic relation to Australia. 

1. British Neio Guinea. For a study of the south slope of the eastern 
part of New Guinea, Maitland’s account of 1891 is the most impoiiant 
source of information; it includes all the observations previously made, 
particularly those of M’Gregor®. 

Three elements contribute to the formation of the range, namely, 
a broad zone of ancient schist, which includes the uppermost parts in the 
interior, then a .steeply upturned and folded zone of limestone extending 
along part of the south coast, and finally recent volcanos. 

From long. 146° 15' E. to about 148 ° Siy E. the limestone zone (Mait- 
land’s Moresby beds) has been thoroughly investigated. It is formed of 
light-coloured limestones with bands of cliert striking N. 30° W. In Hall 

' R. Jack and R. Etheridge, jun.. Geology and Palaeontology of Queensland and New 
Guinea, 8vo, Brisbane, 1892, with map and atlas, p. 696 et seq. 

* A. J. Ten Brink, Het * Sneeuwegebergte ’ op Nieuw Guinea, Natuurk. Tydschr. v. 
Nederl. Indiii, 1893, LII, pp. 41-7.5; J. W. Ijzerman, Report in Tydschr. Nederl. 
Aardrijksk. Genootsch., 1904, XXI, pp. 339-3.54, map. 

A. Gibb Maitland, Geological Observations in British New Guinea in 1891, Blue 
Book, Queensland, 1892, 30pp., maps; also Salient geological Features of British New 
Guinea. W. Austr. Nat. Hist. Soc., April 11, 190.5, 26 pp. A copy of Mtutland’s geological 
wap of JhiK region is given by Uaddon. Geogr. Jouni., 1900, XVI, p, 268, 
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sound (long. 146° 35' E.) they have afforded foraminifera and Tertiary 
shells, but the latter are different from those which occur in the Tertiary 
beds of Australia ^ It is possible that the so-called Boioro limestone of 
the south coast (long. 149° 30' E.) belongs to this limestone zone, which 
apparently includes sediments of various age. Perhaps the hard, shell- 
bearing limestone of Tumu (long. 144° 15' E.), which occurs in the north- 
west near the head of the gulf of Papua, must also be referred here. 

The folding of tlie limestone zone preceded the eruption of the lavas. 
A broad mass of lava advances in cape Suckling (long. 146° 45' E.) towards 
the sea. It descends from mount Yule (Kovio), a fairly independent mass 
which rises in the south of the principal chain. Jullien and de Rycke 
estimate its height at 3,400 meters, and that of mount Marie, which Ijelongs 
to the principal chain, at 4,500 meters 

M’Gregor crossed the principal chain or Given Stanley range, through 
the valley of the Vanapa river, east of cape Suckling. It consists of steeply- 
folded schists ; on mount Victoria (4,000 meters) the schist resembles gneiss ; 
towards the north it is followed by clay slate. Mount Skertchley (3,733 
meters) on the north side luts frequently been visited by gold diggers^. 
The schists of the principal chain extend in long. 147° 15' E. nearly down to 
the south coast; there they include a granitic mass, against which the 
limestone zone rests. Then a region of recent volcanic activity attaches itself 
to the south side of the principal chain, near the headwaters of the Laloki, 
and great platforms of volcanic breccia, such as the Astrolabe plateau, step 
imconforinably over the upturaed limestone. Mount Obree, in the prin- 
cipal chain (long. 148° 5' E.) appears to be an outlier of this volcanic region. 
Eiist of this the principal chain again rises and reaches a height of 3,422 
meters in mount Suckling, situated on its north side and formed of greenish 
quartzite. 

Mount Dayman (2,812 meters) rises like mount Obree within the 
principal chain, bears a crater, and sends off a lava stream towards the 
north-east. Then the range decreases in height. In long. 149° 30' E. the 
above-mentioned lime.stone of Boioro, folded and traversed by diorite, makes 
its appearance on the south-coast. From long. 149° 45' E. onwards a series 
of crater mountains begins with the island of Mugula (Dufaure) and joining 
New Guinea, forms the harbour of Pouro (Mullen’s Harbour) ; volcanic 
rocks prevail from this point as far as Milne bay. — 

Let us turn our attention to the north side. 

With the exception of the promontory situated l>etween G«x)denough 

^ Tenison Woods, Proc. Linn. Soc. N.S.W., 1883, Vll, p. 381. 

P. P. Jullien et de Ryeke, '2eux voyages d'ezploration, C. R. Soc. Geogr. Paris, 1898, 
pp. 206-209, map. 

W. Maegr^gor, Journey to the Summit of the Owen Stanley Range, New Quinea, 
roc. R. Geogr. Soc., 1890, new ser., XII, pp. 193-223, map. 



304 THE OCEANIDES [paktv 

and Collingwood bays, which is formed of coral limestone, nothing but 
volcanic rock is known on the north coast as far as long. 148** E., i.e. up to 
the German frontier. Part of the lava seems to have come down from the 
great mountains. Cape Trafalgar (long. 149** 15' E.) proceeding in isola- 
tion into the sea, bears the smoking volcano of mount Victory. 

Beneath the lavas lie the ancient schists of the principal chain ; miners 
prospecting for gold have followed them from the Owen Stanley range up 
to the German frontier and towards the sources of the Hercules river. 

As the recent volcanos of the south-east are continued into the sea, 
and at the same time the height of the range decreases, these gold-bearing 
schists reappear, according to Jack and Maitland, in all tlie larger islands 
of the EntrecaMreanx group, where they are associated with granitic 
gneiss. Further to the north-east also, in Murua (Woodlark), Maguire 
mentions schists with gold-bearing quartz veins! 

The Lov.isath islands were long ago recognized by McGillivray and 
Dana as parts of New Guinea. The gold-bearing quartz occurs, according 
to Maitland, in Tagiila (Sudest), in vertical clay slates. This slate lias been 
observed as far as Rossel island (long. 154** 15' E.) 

2, German ^exv Guinea, At the mouth of the Hercules river, near 
Adolfshafen, Rudiger found a it>cky prominence of schistose rock. 
Schleinitz noticed that ancient rocks advance nearly to tlie coast on the 
south side of Huon gulf ! According to Rudiger the Francisca river flows 
over fragments of quartz and granite an<l the Parsee peninsula consists 
of granite 

Coral limestone forms the neighbourhood of Finschhafon; limestone 
seems to occur all round a»)Out the Sattelberg, 970 meters in height, and 
also upon it ! 

A region which extends from the mouth of the Markham river towards 
the north-west, and then through the broad valley of the Raniu (Ottilien) 
river as far as lat. 4'* S., seems to be separated from the main range as 
a fairly independent mass, or it may be that the range itself swerves in 
a gentle curve. This region is divided into two parts by Astrolabe bay ; 

* W. Maegregor, Proc. R. Geogr. Soc., 1892, p. .327 ; If. R. Maguire, ImpreaHions of a 
Years Sojourn in British New (hiinea, Queensland Geogr. Journ., 1901-1902, new ser., 
XVIf, pp. 117 143, in particular p. 135 seq. 

* A. G. Maitland, Salient Features of British New Guinea, W. Anstr. Nat. 8oc., 
April 11, 1905, p. 22 et seq. 

’ f'reiherr von Schleinitz, Beschreihung der Nordkviste von Kaiser Wilhelius-liand von 
Cap Cretin his zu den Legoarant-Inseln, Nachrichten tiher Kaiser Wilhelnis-Land und 
den Bismarck- Archipel, puhl. hv the New Guinea Company of Berlin, 1889, V,pp. 48 -87, 
map, in particular j). 55. 

^ II. Riidiger, Der Iluon-Golf ini Sttdostenvon Kaiser Wilhelms-Ijand, Verb. Ges. Erdk. 
Berlin, 1^97, XXIV, pp. 280 -295, map, in particular pp. 288 and 293. 

Schneider, Nachrichte.n von Kaiser Wilfaehuii^fjaiid, 1886, II, p. 85 et seq. ; Warburgs 
op. mt., 1890, VI, p. 20, map in 1889, V. 



cH.ix] GERMAN NEW GUINEA 305 


its southern part, or the Maklai coast, is dominated by the Finisterre 
qwkjc. 

Winter and Hell wig, who accompanied the Zoller expedition, travelled 
up the river Kabenau, which flows into Astrolabe bay. On this journey 
they first crossed a cliain formed of sedimentary rock ; then conglomerates 
an<l tufts with fossils, and finally came upon porphyry. At that point the 
river turns towards the east. 

Tlio h^iuisterre range ct)nsist.s for the greater part of recent volcanic 
rocks ; its higl»e.st point, mount (lladstone (2,390 meters), appears to In* 
rormed of augitc-andesite. It is lK>umled on the south by the Kabenau, an<i 
south of the river vjilley we meet with porphyry. From this point two 
great ranges may 1)C seen, on the south, the Krttetke raiuje, running to the 
east-south-(‘ast, and on the west tlui still loftier Bisman l' rarufe, running 
to the south -i.s'ist. TIh' latter forms part of the principal cliain of New 
(Juinea h 

1'he Oerizen riinije (Tajornanna, aliout 1,100 meters) may be regard<?d its 
a north -wosterl}’^ eontinuiition of the foothills of Finisterre. Lauterbacli 
observed on its crest steeply upturnetl conglomerates compf)sed of gigantic 
boulders of diorite, giildiro, liornldende-andesite. altered chiy slate, and 
limestone, emi'oddod in ii hard blackish-green matrix -. 

This eonglomorate jilso oeeurs further north on tlu^ Xuru river. Trav(d- 
iiug up stream LiUiterbach roiichod tin* Ssigauu mountains, formed of dark 
eliiy slate, tuft*, iind sandstone, iuul tlieii on the other side of th(‘ watershed, 
iK‘t\veeri tin* Nuni iiml Ibamii, soft laminated c I aj", steeply upturned, with 
small seams of coiil. 'The greiit longitudinal vallev of the Kamu begins 
behind thtj FinisteriH* range iind there reaches the average breadth of 
ob kihvmeters. It iollows the north-ejist foot of the Bismarck range, the 
fumimits of which arc here 4. 300 imdors in luaght, and sopanites it from 
111'* Mwamtain i-anges situateil near the coast. One t)f tiie fviothills (990 
meters) lias been ascended ; it consists of gabhro an»l ptnadotit** ; tin* 
streams c.arry fliorite, gni*iss, and (|Uar(z bonlrlers 

Diilr/i AVa/’ (jtiinm. ( )ur knt>\vledge of the north-western part e>f this 
■M'Unti’y was c:onsi<lerabIy increased by Wiehmann's joiumeys, made in 
1903 *; an<l the studies of ti. Boehm and Wanner enable us to again 


' Winter niul Helhvig, Fini.4i‘rre-tlel)irge, Narjjrichton von Kais^er-Willielins-Land, 
\ . |)j). *.>--15, inap. 

K. Lanterbiieh, ibitl., I89(b p. 39, ami noricht tiber ilie Kaisor-Williehus-Lan'J- 
bx]»e(lition im Jahre 189(>, Verb. Go?, Erdk. Berlin, 1897. XXIV, pp. 51 09, map, in 


i'nrticular p. 53, and Die goographigehen Ergebnisso dcr Kaij^er-Wilbelins-Land-Expedi- 
boa, ^itschr. Gos. Evdk.,'l898, XXXllI, pp, 141-175, inap*^. 

Die identity of the Ihimu and Ottilia rivers was subsequently established by Tappeie 
^cek, Nachr. v. K.-Wilh. Land, 1898, pp. 51 59, map. 

A. Wiebinann's reports in Bull. no.s. 43, 44. and 46 of the .Maatsch. van het Natuur- 
and. Onder/iOt'k d. Nederland. Kolon. (Neii*(«uinea-Expedition, 1903, Bull. nos. 3, 4, 
"‘"'d H 8vo, Leiden. 
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approach the question as to whether New Guinea is continued towards 
the west into the region of the Sunda islands (III, p. 243). We will tii*st 
follow the accounts of Wichmaim. 

Green eruptive rocks (gabbro, serpentine, and others), extend from 
the south-east of Halinahera to the islands which He off the north-w'cst 
end of New Guinea (III, p. 262). No continuation is known here, and not 
until we reach long. 140" 18' E. is gabbro again mentioned ; it occurs in an 
island in the gulf of Tanali Jlorah ; the island of Misotti in Humboldt 
bay (long. 140® 43' E.) consists of serpentine. I do not know' whether the 
chloromclanite, which occurs between these tw'o localities on tlio Tarare 
river and furnishes material for the well-known stone clul»s of Humboldt 
bay should be referred hen^ According to Wichmann it forms beds in the 
clay slate. The gabbro pebldes of the Tami river (long. 140' on' E.) an* 
possibly derived from th(> liigher mounUxins of the range. 

Ancient crystalline rocks and phjdlites occur not only in the island 
chain of Peling-Misol, which strikes east and west, but also in the peninsula 
of Bern. In the south-east clay slate and a folded red conglomerate 
occur. 

On the south-w'cst shore of Geelvinck hay ancient rocks and folded 
quartzites occur in places; the i.sland of Hoon is fori'iusl of gneiss ; in the 
northern islands of the bay ancient .schists and dial»ase pred<.)minat»‘. 
Further east pebbles of crystalline sclii.st eoimj from tin* Cyclops range, 
and in Tarare l)ay marble, gneiss, and schorlaceous quartz croj) out 
(long. 140"' 32' E.). Mesozoic S(*diments, of which we shall speak later, 
are known at sexeral localititjs, and extend imlee‘d fa»* tow'ards the east. 
They occur on tluj river PapanV, not far from the* i.sthnms which unittrs 
Bern with the mainlanri, then further toward.s tin* sr>uth*east, on lake 
Jamur, and again in long, 139" E. on the Tawarin river ( Walckenaer bay). 

The next series mentioned by Wichmann is formed of stee»ply uj)turned 
Miocene clays and sandstones ; they are coal-la^aring aial contain Area 
and (j.strea. On the eastern .sirle of the area a hed cemtaining Melania 
is included with them. Thev were met with from Ion«:. 131)' 45 E. 
onwards along the sides of rivtrrs flowing into Walckenaer hay, and also at 
several other localities as far as long. MfP 55' E. So bir avS ww3 can 
judge from the accoinits tfiey aiw^ays lie toward.s the interior. Possii»ly 
they form the outer boundary of the folde<l cliain which imme<Uately 
succeeds them. — 

The north coast of il'Chier inlet is flat, wdiile ilu) south coast with its 
ofi-lying islands is a rias coast of steeply-folded Alveolina limestone, with 
a Jiorth-west strike b It extends in the south to lat. 4'' S. On the cast 

‘ C. Sobiumherger haii shown that a so-ealh'd Alveolina liniefitonc from north''v<*>-t 
New (Miinea doeis not contain Alveolina, but a new species of the genus Laca'/iun 
fb. Wichinaniib , and that the Eocene age must therefore be bused on other contempt' 
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side pebbles of Alveolina limestone, granite, diabase, and other rocks are 
brought down from the higher inountain>s and carried northwards by the 
river Tawarin. 

Dark Crinoidal limestone (Carlxmiferous or Permian) occurs at the mouth 
o[ the Belangkat rivei*, south of the Alveolina limestone. The locality 
cannot lie very far from tlm western end of the (Hilaries Louis range. - 
Let UB again tiirn our attention to the Mesozoic sediments. 

In the Sunda islands — Taliabu, Mangcdi, and MisfJ in the north, and 
liuru and Ceram in the south, G. Boehm has ol)served a series of fossiliferous 
IhxIs ranging from the Trias up to tlie middle Cretaceous, and containing 
faunas which show a striking resemblance to tliose of Europe. To tins 
series the Mesozoic patches met with l>y Wiehmann in the north of New 
Guinea must be assigned. PhyllocernH driyile of the Spiti fauna occurs in 
the isbuid of Taliabu, and also at a distance from this island, but in similar 
nodules, on tlie above-rnmitioncd river of Tawarin (long. 139 45' E.) L 

At the same time, however, there is this im|)ortant difference that in 
the. northern series of islands the later deposits rest undisturbed on tin* 
ancient rocks, wliile in the southern they are folded. Wanner found that 
the folding in the west of Bum affects even the Cretaceous containing 
Tissotia, and it is particularly intense over tlie east of Cv>ram. Indeed, in 
the latter locality great l>oulders make their appearance, whicli seem to 
he basement fragments, and Radiolaria occur in association with a basic 
enij)tive rock. From the south-east coast of easb rn Ceram also the Bate 
range runs to the north-east, and north of this is a second range extending 
first east and west and tln*n nortli-west and north till it reaches the north 
coast 

In Taliabu the durassic beds are horizontal or inclined, but never 
foliled, and Misol is a field of fractun*, while tlie southern line of islands 
resenil>lt;s Timor, both as regards its structure and tlio succes.sion of its 
strata. 

It has V)een already suggested (III, p. X*43) that Bum and ('eram 
might represent tlie continuation of tlie soutliem peninsula of New (iuinea : 
a viinv tliat lias been adopted l>y G. Boehm •*. 

fossils. Martin nioritions a.s such Orbiloiilcs and Cyoloclypous, Ball. Sor. gcul. 
i’nuicc, 1804, st*r., XXll, p]>. ii0.V208. 

‘ 0. Boehm, /.ur (leologie voni Niedorlandischen Indien, 1. Div., South coast of 

the xSiila islands Taliabu and Mangoli : I. section, Boundary beds Ixdween the Jurassic 
and Oreiiiceous ; Palaoontographica, 1004, supplement IV, 4() pp. ; (leologische Mitthoi- 
hingen aus dem Indo-Australisohen Archipel, I, N. J. f. Min., 1006, Beil. Bd. XXM. 
pp. 38.'i-4i2, map, efc passim. 

^ ^ J. Wanner, (foologische Mittheiluiigen aus dem Indo-Australischcn Archipel, III, /ur 
Beologio und Geographic von West-Burn, N. J. f. Min., 1007, Beil. Bd. XX l\', ]>p. 133 160, 
and I V, Triaspetrographic der Molukkon und dos Tiniorarchipels, tom. cit., pp. 161-1 7o 
b. Boehm, Geologische Mittheilungen aus dem liulo-Australischen Archipel, I, 
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We may assume, pending further information, that the principal 
cordillera of New Guinea extends to Buioi. The northern islands from 
Taliabu to Misol, together with the peninsula of Bern and the north coast 
of New Guinea (inland from \Valekenaer bay to the fohled band of 
Miocene), will then represent tlie foreland. 

Hiircey of Nevj Giiiata. When we consider how great is the distance 
which intervenes between the Celebes and Rossel island (liouisiade), and 
how deficient is our information we sliall readily understaiKl that definite 
conclusions as to the structure of this region arc at present Ijeyond our 
reacli. JVrCregor lias certainly crossed the south-eastern part of the great 
range, and a regular postal service has now i>ecn establislied wliich runs 
from Port Moresby ovei’ a pass 2,(K)0 meters mIkivc the sea and puts the 
north into communication with tlie souths But beyond this, towards the 
north-west, the great range of the interior (Bismarck, Victor Kmmanuel, 
and Cliarles Txiuis range) lias never yet l»een trodden by a wliiie man’s 
foot. Consequently, we can only offer tlie following views as conjectures 
which, sulject to coiToction, may help us to compn^henfl the gmieral plan 
of this important part of tlie glolie. 

1. Halmahera must be assigned to Asia. 

2. Asiatic directions of strike, whieli are chiefly ineHdional, meet a series 
of islands (Taliabu to Misol) running «*ast and west, ami forthwith the 
active volcanos come to an end. Ancient funnations occur in these islands, 
and superposed upon them are undisturbetl Meso/oic l>eds. These strati- 
graphical relations are continued across tin* peninsula of Bern, the Islands 
of Ge<flvinck liay, and at least as far as Walckenaei* bay. Their (ividence, 
more particularly in Bern (Arfak range), points to the presence, not of 
a recent cordillera, but of older mcjiintains. 

t3. On the coast between long, IH'and 140 43' E., that is, north of 
the .'-uppose<i continuation of the rocks of Bern, isolated e*xposures of gabbro 
and serpentine occur. They are followed on tin* e*a8t by a long interval 
not yet explored, and then great boulders of .similar rocks are (mcountered 
in a steeply-folded conglomerate of tin* Oert/en range, which may possibly 
be connected witli the .sliarply-folde*rl beds of the Kabenau i’iv(u\ Thesis 
features, which recall Halmahera and the* Philippines, appear, along with 
the andesite range of Finisterre, to .stand more or less in independence 
of the rest. The longitudinal vallny of tin* upper llamu marks tlieir 
boundary. 

4. In association with these rwks we find along tii<? north coast from 
long. IW r to 140" 14' E. (between Walckenaer and Humboldt bay) 
isolated outcrops of l>as;ilt and afide.site, tlie licginning, probably, of a .series 
ot volcanic reefs, and further on of recent volcanos, which first follow the 
coast and tlnai, as we shall see directly, depart from it and nin towai'ds 

’ Ti. IMcli, Zcit.»chr. ties. Enik., J907, ]). I(i3. 
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New Britain. The position of the limestone on the Sattelberg (Finsch- 
hafen, forming part of Finisten*e) is quite uncertain. 

5. South of the island of Karnu our knowledge is confined to the 
altitudes of the great range, and does not extend to its structure. In 
Hiion gulf, granite and ancient rocks reach the sea. In all probability they 
belong to the great range which extends from this point through the 
Owen Stanley chain to the extreme south-east. This range consists of 
schist with gold-bearing (|uartz, gneissase in places, penetrated by isolated 
granite masses. Here and there it bears a volcano. Towards the south- 
east recent volcanos become more fre(juent. The Entrecasteaux islands 
and the TiOuisiade archipelago are its continuations. 

6. Th<3 islands of Burn and Ceram, in the northern part of this region, 
pre.si'iit the charact(‘rs of a fold<?d cordillera, and the rias coast which forms 
the beginning c)f the Charles Louis range, south of M’Clure inlet, represents 
their continuation. Its age is post-Miocem^ ; its nortliern outer border 
extends through the region south of Walckenaer bay. How far it runs 
to the south-east, or wlicther the southern mountains, such as the Owen 
Stanley range, l)eIong to it is <[uitc uncertain. 

7. The only indic’^tion of a recent cordillera in the south-east of the 
region makes its ajipearance on the soutli side of the great mountains as 
a range of folded limestom*. It lies on the north-cast side of the gulf of 
Papua, and borders the south coast with a strike of N. 3(P W. A. part 
of it (Morosl)y beds) is n^garded as Tertiary. 

8. The south of New Guinea is formed of low-lying and hilly land. 
The granite boss of 3Ial)udauan l>clongs to Australia. The Tertiary and 
Jurassic l)eds — tlie Jurassic (extending to lat. 6‘ 35' S. on the upper course 
of the Strickland - have as yet thrown no light on tlie structui'e. Hence it 
appears that between the Philii)iiines (Halmahera) and the supposed con- 
tinuati()n of the cordillera of New Guinea (Ceram, Buru) another inde- 
pendent ami older ♦Jiunent makes its appearance, of which the most con- 
spicuous part is the])eninsula of Beru. It follows from this, however, that 
the cordillera of Timor and its possible relation to Australia call for renewed 
investigation (III, p. 241). Meanwhile, Hirschi has afforded us further 
information as to the variety of the foldcil 51eso/.oic deposits of that island h 

The U) the nor thread of New Guinea. Just off the north coast 

of New (luinea l)egins a long series of vedcanos, in great part active, 
and, after running for some distance parallel to the coast, turns off in an 
arc towards Now Britain. Tliere is no reason, ns we have seen, why 
die isolated andesites and Iwisalts which Wichmann met with between 
Walckenaer l>ay and Humltoldt liay should not l»e refeircd to this series, 
fo the east lie the reefs and islands of Bertrand, Guilhert, and d'Urville . 

* II. Hii-srhi, Oeologische Mittheilungen, etc., V, Zuv (leologie und (leogniphie von 
• ^>itugi..,sischc»n 'rinior. N. J. f. Min., 1907, Heii. M. XXIV, pp. 460-474, maps. 



810 


THE OCEANIDES 


[part V 

Roissy island (long. 144" E.) brings us already into the series of the 
Le Maire islands, the connexion of Avhich with tlie arc running towards 
New Britain has already been described by W. Powell and Kiimbach.' 
After Roissy island conies Volcano island, then Darnpier, Rich, Ci'own, 
Long, Lattin, Tupinier, and Ritter islands, all beset with volcanos ; the 
curve they deserilie finally reaches Xew Britain in the volcanos of 
Below (2,100 meters) and Huustein, The discoveries of Freiherr von 
Schlcinitz show that the concave north coast of the elongated island of 
New Britain is formed b}^ a series of volcanos and isolated mountains, 
which are also probably volcanic, connecte<i by low-lying land. The line 
of Below and Huustein and the crater mountain of cape (lloncester is 
continued through this series as far as mount Raoul (lat. 5" 11' S.). 

It is difficult to say whether this series leading to mount Raoul indicates 
an advance of the whole arc towards the north-east, tliat is, towards cape 
Hollrnann, while a new series of volcanos advances bohinrl it ; <jr whether 
this new series itself is a continuation of the lirst. On the ])eninsiila to wliich 
mount Raoul belongs other volcanos occur (Credner, Engler, and others, as 
far as Duportail and Nord-Sohn), and these extend towards the great group 
of active volcano.s which rises along Blanche bay (>u the lun’tli Ijoivler of 
Gazelle peninsula 

Running in an arc from Le Maire islands across Dampiei* strait ami 
along the north coast of New Britain is a vtuy active line of volcanos, 
the position of whicli in the general tectonic plan is still unsolved. The 
only indication we |)oss*iss as to the inner structure of New Britain is 
the conjecture of (Jraf Pfeil that the mountain ranges of the interior run 
transverse to the course of the i.slan<l and parallel to Xew (iuimai 

Ihis conjecture is supported by the structure of iVee? Iiriaad. 
Here Livcrsidge mentions p<aphyry, diorite, and dai'k limestone, dillerent 
from the coral limestone, and also some grey CTystal line limestone at a height 
of 7G() meters (II, p. 164)^. This agrees with tlie statement of Graf Ffeil 


' W. Powell, Proc. R. ^b*ogr. 188M, new ser., I V, p. all ; Kiirnl.ach, Nai^hriehtcn 
von Kaigei-WiihelinS'Land. ISO.a, IX, p. 4 :>. 

^ IreiheiT von 8«.-hleinitz, 1^'^lfitwoHe zur Kart<* <ler Nonikiist** ( 1**8 westlithcn 
Theiios der Insel Neu-i^otinuern, Zt-itschr. (ies. Enlk., lS9f;, XXXI, pp. i:^7 154, map; 
Be^rleitwortfi zur Karte des ostliehen Theiles, op. cit., 1897, XXXII, ]>p. :149 1159, map ; 
also Nachrichten von KaiHei-Wilhelms-Land, 1HS9, V, p. 81. It ia possible, but not 
definitely establi.s)ied, that two cone-shaped peaks 2,000 meters liii?h in the south-east of 
Hook island are volcanos. The catastrophe of the b‘{th Feb., 1888, is Raid to have 
originated in this island ; it gave rise to a great sea wave wliich reached the (joast ol 
^ew Hritain and 8we])t away the travellers von Bfdow and llunstein and their whole 
expedition. 


J. ( 
p. 190. 


»raf I'feil, Studien und beobachtungen aus der Siidsee, 8vo, Hmunschweig, 1899, 


^ A. Livcrsidge, R/^cks from New Rritain and New Ireland, Journ. Proc. IL 8ne. 
N 8 V:., 1882, XVL pp. 47- 51. 
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tliat the Houtliern pai't of the islaml is volcanic, while the elongated part 
extending to tlie north-west is a ridge formed of sedimentary rocks, 
possibly resting on an older substructure ; the slope of tliis ridge is steep 
towards the south-west, and gentle towards the north-east; it represents 
the most easterly of the folds which run parallel to Now Guinea, We 
shall regard New Irelaml as the continuation of the Solomon islands, 
wliere a similar limestone, in all probability Mesozoic, is stated to 
occur. 

The islands of the fUsrtam k 'arcliipelago as fur as the Admiralty 
islands luive as yet furnished only volcanic rocks and recent coral 
limestone h 

Xeo' lixhiiid to Hu liter isloud. This long chain of islands includes 
as its iirineipal members, New Ireland, the Solomon and Santa Cruz 
islaials, and the New Heluddes. It is characterized by one principal 
direction of strik<‘, which forms, according to the form and position of the 
islaTids, an arc slightly convex to the north-cast. The islands have also 
ma)iy other charaebas in common. 

Wtj may begin with (Jutulalcftnar, one of Solomon islfinds. This great 
island was visited by Foullon, who was killed by the natives when 
attcmiiiing to penetrate inio the interior ; liis luune must be added to the 
long list of vietims whose discoveries we cannot mention W’ithout a word 
of jvverent gratit\ide. His ol>s<‘rvalions on this island havv* not been 
puliiisluMl. 4'he volcanic rocks alone have been described l)y Hansel.’^ 
niroiigli tht? kindness of Professor Ihu’werth the whole of the collections 
have iK'en placed at my ilisposah 

Andesite, dolerib*. and porpliyry have been met with in Giiadalcanar, 
besidt's i-eeeiit volcanic rocks. Peri<lotite, gabbro, and serpentine occur in 
numerous fragnnmts, I ait a light grey limestone has also lieeu observed, 
l>i’e(;isely resmubling one of the Mesozoic limestones of the Apennines or 
tlic Alps. It is traversed l»y striated slickensides which indicate powerful 
dynamic action ^ A rolhul-out green rock with serpentine on tlie iibrons 
sm faccs also occurs in the collection, (bimlalcanar must thus l>e regarded 
as t.lu‘ fragment of a cordillera, in the structure of wlucli green intrusive 

‘ A. Huh!, Bisniar(‘k-Arcliij>el imd fSaloinons-Inseln, Mitth. doutsch. Sthiitzgebiete, 
XII, pj). 111^ 112; (j. Tliileniiis. (fcologiselu? Noti/. ivwa <]cm Bbiuarck-Aiv.hipel, 
moo, ]jp. 201 20U ; Ftlfiger, ilcologische Bciiierkungea iiber don Bisnuirck- 
Arrhiprl, Aljtth. denij<cli. Sclmtzgebiete, 1901, XIV, pp. 181 -BIS; in thii? work it is 
'"bitod tliiii aiigite gninito and syenitt? are brought down from the Baining range (New 
Ih-itain). 

11. Frriherr von Foullon, ReiHeski7//.en aus Australieu, Verb. k. k. geol. Reichainst., 
p. 104. Ueber einige Eruptivgesteino von der Inselgruppe tier Neu- 

ll‘;briihm, in Jahresberiehte Staats-Ober-Realschiile XVIll, Bez. Wien, 1901, 5G pp. 

Hmllon writes of this Uniestone, *in place between two streams which tlow into 
^‘‘nclerev’s bay' (sc)utli.west coast). 
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rocks piny a similar part as in the cordillera of New Caledonia, Cuba, or 
the Apennines. 

Guppy, who has made valuable ol)ser\ations on tlie Solomon islands, 
has not visited Guadalcanal*, but his results are in complete accord with 
the preceding. The Florida islands, a little north of (?uadalcanar liavc 
afforded specimens among whicli Judd recognized a rock allied to granulite, 
another iillied to so-called trap-granulite (hornblende, onstatite, and plagio- 
clase), and diallage serpentint? Guppy says of the latter that it is 
generally somewliat schistose, and at one locality inclined at an angle of 
from 6(f to Serpentine is mentioned »‘i.s occurring in San O'istoval 

and Ysabel ; gabbro in Santa Anna, the most s<jiitherly island of the group ; 
quartz porphyry and quartz diorite at sev(*ral localities. One of the most 
remarkable finds, and worthy of closer investigation, is a liai*<i grey liriie- 
stono, containing numerous shells of a Khyncouella ; it forms the. island of 
Poperang in the Sliortland group (south of Bougainville) 

The active volcanos of the Solomon islands are not arranged in an 
independent series, but stand, so far as can be seen, between the isolated 
remains of the cordillera. A lofty, smoking cone vises in I^ougainville ; 
Siinbo (Eddystone, Narovo, west of Xew Georgia) and Saro (north of 
Guadalcanar) are active centres of eruption. 

The Solomon islands are surrounded in many j)laces by recent limestone 
in terraces, extending up to a height, acconling to Guppy, of about 500 feet; 
in iiddition, marine tufts of fairly recent age occur, (hippy ob8orv(?d a 
uniformity in the displacements of the strand for a distance of more than 
600 kilometers. 

The islands to the north, Outong-Java, Simpson, and others, are low 
coral reefs \ 

Our knowledge of the structuni of the jYei'* lhhri(lef> has i)een greatly 
increased by Maw.son’s investigations The a.sserted presence of older 
rocks in the larger Islands has not been coiifiriiHMl, and the existence of 

’ H. B. Guppy, Solomon Lslunds, their Ueology, &c:., Svo, London, 1SS7, maps; 
Obfterv’ations on the Recent Calcareous Formations of the Solomon Grou]», Trans, R. 
Soc. Kdinb., 1887, XXXII, pp. 545 581 ; W. W. Walts and K. T. Newton, Notes on the 
Rocks from the Solomon Islands, Geol, Mag., ISOS, pp. 0.58-365 (relates to volcanic rocks 
from New Georgia) ; JmM in Guppy, p. !i0. D'Urville brought back ser])eniinc from 
Ysabel 

* Davidson regarded the specic^i a.s identical with JlhtfnconeUa Gmiji hitherto known 
only from a single example found li\ing in Fiji; (Jujjpy doubts this, Solomon Islands, 
pp. 82, 120. Recent Calcareous Forimi lions of the Solomon Group, Trarjs. R- *Soc. 
kdinb., 1887, XXXII, p. f565. It might wfdl be a Mesozoic Jimestone. 

’ llocbstelter, Reiae der Novara, il, p. 153, 

’ D. Mawson, Geology of the New Hebrides, Rroc. Linn. Soc. N.S.W., 1905, pp. 400- 
485, maps. As early as the summer of 1901 a number of enterprising French colonists, 
coining tiom Vate and other islands of the New liebrides, crossed Espiritu Santo along 
two I ires, Bol. Soc. Gcogr. Li.d>oa, 1903, pp, 389 392, map. 
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serpentine in Aneityum remains doubtful, but it has been definitely asccr- 
t,ained that a steeply upturned and folded zone of Tertiary Lepidocycliua 
limestone strikes through these islands. Thus, in this case also, there 
is no doubt that parts of a more recent folded range rise from the Ocean, 
Mawson believ-es there is overfolding towards the west, but since this 
opinion is foiindcfl on a single section to the south-west of Espiritu Santo 
the (piestion as to the direction of the movement must for the present 
remain open. 

The wliole arrangement resembles a virgation open towards the north- 
north-west. A long single series of islands, with only a few volcanic 
stacks lying off them to the east, extends from Hunter island in the south, 
through Mathew, Aneityum, Tanna, and Eromango, to Efate in the north. 
The trend of this series is to the north-north- west, and its principal 
continuation is to be found in the two great islamls of Maickula and 
Espiritu Santo. Tliis lirancli corresponds witli the Tertiaiy folded range 
mentioned above. From Efate a second branch strikes almost due nortli 
tin’ougli Epi, Ambiym, and the elongated islands of Aragh-Aragh (Pente- 
cost) and Aurora. Between these two liraiichcs, or more exactly between 
the islands of Esjiiritu Santo and Aurora lies the island of Aoba, and 
further north tlie islands of the Torres group and the Banks group also lie 
lietween the directions (if producc<l) of the two islands just mentioned, and 
lliey strike l)et%vo(m north- no rth-w'cst and north. The maps of the Britisli 
Admiralty show this arrangement very clearly. 

According to Mawson tin; deposition of the Tertiary beds in Espiritu 
Santo was accompanied l)y' intrusions of andesite ; tlu se were followed 
hy ;ui extensive subsidence along the whole eastern side, and on the snl)- 
si<led area volcanic (U’uptions tlieii commenced, wdiich however brought to 
the surlaco not andesitic but basaltic rocks, and these still continue to 
the present day. Upon the wdiole of this series rest.s a coating of recent 
coral limestone. The limestone is terraced, but in the west the terraces 
reach a height of 2,()(K) feet (60!) meters), wdiilc towanls tlie east their 
heiglit i.s considerably loss. Mawson concludes tliat the greater idevation 
in the \veHt is connecte<l with the persistence of monntain-building move- 
ments, and that the depression towards the east has been produced by 
subsidence in the direction of the more recent basaltic eruptions. At 
tlic same time smaller elevations may be among the immocliate cttects of 
volcanic action, as the result, for instance, of the intrusion of sills. 

Purey-Cust htis drawm attention to the signiticance and continuity ol: 
this volcanic zone. Apart from many ruins of volcanic cones we may enu- 
nieratc the following, taken in order from north to south : Tinakula (active ; 
north of Santa Cruz) ; Vanikoro (crater*), Vauua lava (liot springs) ; Gaua 
(crater, south of Vaiuia lava) ; Merlay (crater, cast of preceding island) ; 
Ambrym (great eruption, 1874) ; I..opevi (activt', 1,149 meters, south of the 
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preceding) ; Tongoa (hot springs, south of Api) ; Hincliinbrook (crater, 
north of Efate) ; Eromango (submarine eruption near the east coast) ; Tanna 
(active) ; Mathew (active) ; and Hunter island 

Outside this line, which runs through twelve degrees of latitude, no 
fore-deep is known. The line clearly separates the great western sub- 
division of the Australian arcs into an inner (Solomon islands to New 
Hebrides) and aii outer arc (Caroline, Fiji islands), which converge in the 
direction of New Zealand. 

Xeir Caledonia (II, p. 162). This great island has already been repre- 
sented as pai*t of a mountain chain wliich strikes to tlie north-west. In 
the north-west and ove?* a good part of its eastern side it consists of ancient 
crystalline rock, part of wbicli presents a divergent strike. This is followed 
towards the west and south-west by a sediuientary series, wdiich includes 
Trias and a coal-bearing series. A great band of serpentine also, of 
unknown ago, occurs in the smith-east, but isolated bosses of it ilVO 
found throughout Xaw Caledonia up to its north-west extremity, as 
well as in the outlying islands still further to the north-west Since this 
description was written, investigation has made unexpected progress. The 
coal-bearing beds, previously ret’erred to the Lias, ))elong to the Criitaceous. 
Pelatan has discovered tliat these Cretaceous Ijeds ai’O overlain by serpen- 
tine. Piroutet has observed a similar relation, and Glasser is of opinion 
tluit tin* whole sheet of serpentine and peridotito, Ml.)()ut 1,000 meters in 
thickness and recognizable over an area of 520 kilometei’S lengtli and 
50 kilometers in breadtli, is thrust up over tlie Cretaceous along an almost 
even plane 

The tacts, however, appeaj* to go much further. Deprat and Piroutet 
have shown that a stratified series occurring along the soutli-west coast 
of Nuniea lor a distance of 150 kilometers is of Koeene age, and lies below 
the Irias witli Monotis. This latter fact caused it to be regarded as 
Carboniferous, and a nummulite (^iitinatulUes prislitta) which is found in 
it was explained as a Carboniferous precursor of the genus. We now know 


‘ H. K. Purey-Cust, Eniiition of Amluyin Island, 1894: Oeogr. .lourn., 18%. VIII, 
pp. f)85-602. iSome ot these islands have been deKcri})e(l by C. 0. Fre<lcrick, Geological 
Notes on certain Islands in the New Hebrides, Ouart. Joiirn. Geol. Soc., 1893, XLIV, 
pp. 22/ -232 (witli appendices by 3V;all and iJinde). For further ernplions Ann. Hydrogr., 
1S78, VJ, pp. 370-374, 

A, Ijertrand, L’Archipel de la Nouvello (*aledoni(‘, 8vo, Paris, 1895, 458 pp., maps. 
Here Pelatan s geological map is re 2 >rodu<'ed ; f#n the geological structure, pp. 54-96, in 
particular pp. 73, 80. Pelatan regards the serpentine as a flow. Piroutet, Note preli- 
minaire sur Ja geologic d une [jartie de la Nouvelle Caledonie, Hull. Soc. geol, France, 
4 -scr., Ill, pp. 153 177, map, in particular p. 173 et se^p ; E. Glasser, Ilichesses minerales 
<le la Nouvelle Caledonie. Ann. Mines, Mem.. 1903, 30® ser., IV, pp. 299-392, .397-536. 
and \ , pp. 29-154, t>0.3-/01, mapi^, in piirticuhi»‘ IV, ji. 352 et .sef{ ; M. bevy. C, II, Acad. 
Sci. Paris, Nov. 7, 1904, .p. 716. 
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a number of species from this locality which closely resemble those found 
in tJie Eocene of the Sunda islands K 

Towards the inttn’ior of the island, overlyinjr the Eocene, come Trias, 
Lias, some additional Jurassic, Cretaceous, and then serpentine. These 
formations are regarded as ovei’thrust, and it is supposed that tlie crystal- 
line rocks of the east coast and of the north-west belong to a second flake. 
It is stated that the Mesozoic lieds are upturned against these crystalline 
rocks and ov(?rthrown towards the south-west. 

This latter point should be decisive in judging of the direction of 
tlio movement. If we accept the views of the distinguish e<l observers we 
have cited, then it follows, as G]a.s.ser also supposed, that tJio movement was 
dij’eeb.'d towards tlie south-west. The mighty layer of serpentine will then 
lie on the boundary between two ovorthrust sheets, and the movement, as 
we shall see latei*, will probably correspond to a backfolding on the inner 
side cd* the inner arc of a virgation. A.s opposed to these far-reaching 
conclusions, liowever, we must bear in mind that great patclies of serpentine 
an* also known to occur upon the ancient crystalline rocks, as for example, 
in mount Ichingou. Leaving details for further investigation, we will 
tlim’efoi’e confine o\u’selves for tin* present to the observation that in tlie 
miilst of tlie Pacific Ocean tectonic movements may be recognized which 
do not yield in importance to those of tlie Alps. 

It is a reinarkaljle fact that Kilian and Piroutet mention Holcostephaiins 
and \'irgatites as occurring in New Caledonia, genera whicli are usually 
ri‘gardi*d as boreal Virgatites also occurs in the South American Andes : 
it thus appears as though the remarkable extension of Arctic forms to the 
>!Outh along the west coast of America were continued into the mi<]st of 
the Ocean. 

Thf' Scro/itl Atusf rallitn An’. Nowhere oviu’ the whole of the long 
streteli from Yap towards the east, and south-east as far a.s Fiji, do we meet 
with anci(*nt rocks or considerable heights. The further we advance out 
into the Ocean tlie more soekle and .substructure disappear. The Marshall 
islands (Kadak and Ralik), Gilbert and Ellice islands are .simply atolls, and 
this is true of by far the greater part of tlie Caroline islands. Tlie group 
<>1 Truk, Ponnpe, and Kusaie is volcanic ; Feys (Tronielin, West Carolines), 
a lew islands in tlie group of Oroluk (3l2 meters, middle (,\irolinos), the 
isolated island of Nauru (alxnit 80 meters) lying west of the Gilbert 
islands and Paanopa (G7 meters), are formed of terraced limestone, possibly 
< J TertJaiy age. 

The divergent arrangement of Itadak, lialik^ and the Carolines is clearly 
' Deprat, et Piroutet, Sur rexistence et la situation tectonique :iTH)rmale de depots 
‘‘ocenes on Nouvello t’al«Hionie, C. K, Aeatl. .Sci. Parii?, 1(5 janv. 1905, pp. loH-lCO : 
• • bcpiat, Les Depots eocenes Neo-Cal^doniens, Bull. Soc. geol. Franco, 1905, 4* «er., 
V, pp. 485 516. 

Kilian ot Piroutet, Bull. Soc. Franco, 1905, 4*- sov., V, p. 113. 
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seen on the map ; the elongation of the larger atolls in the direction of the 
principal trend is well shown, and is particularly obvious in the Gilbert 
group. 

The Caroline islands aj)[)ear to consist of several parallel zones, separated 
by considerable depths. Tliese facts suggest that in this case also the 
lower part of the sockle is formed of folded ranges 

None of these islands, however, afford much that bears directly on the 
problem Ijcforc us, beyond tlieir long draAvn out curves. 

The Fiji islands lie between the volcanic line of the New Hebrides and 
the volcanic line of Tonga. Their eastern part, the Lau islands, is a long 
zone of low coral islands running almost nortli and south. Towards the 
west volcanic rocks rise from isolated islands ; a few craters (Thombia in 
the Ringgold islamls, Totoya) also occur. Still further towards the west 
an«l north-west the rocks increase, and the islands become larger until we 
reach the two great islands of Viti Levu and Vanua Leva. 

A large part of Viti Leva was investigated by Kleinschmidt, in 1876. 
His collections enabled A. Wichinann to establish the existence of ancient 
rocks in these islands About the same time the occurrence of Tertiary 
fossils was made known by Tenison Woods (II, p, 104). A second series of 
investigations begins witli the visit of A. Agassiz to Fiji in the years 
1897-8 ; to him wx' owe an admirable survey of the smaller islands and 
the recent reef formations, as well as the discovery of upturned older lime- 
stone in the south-west of Viti Levu. This limestone has been closely 
investigated by E. C. Andrews ^ In 1903 Wooliiough publisluid the first 
attempt at a geological map of Vitu Levu; after a second visit to the 
island lie supplemented the map by an exhaustive description, published 
in 1907 ^ 

Viti Levu is a mountainous island of irregular elliptical form, 150 kilo- 
meters in length and 11:2 kilometers in bnjadth. Horizontal masses of 
tuff, talcosc or soapy to the touch (soapstone), cover the greater part of the 

^ A. Kirchhoft*, Umrlsse zu finer Landeskundeder Caroliiien, Ilettner’s fleogr. Zeitschr., 
1899, V, pp. 545-562; A. Kriimer, Nauru, Globus, 1898, LXXIV, pp. 15H-158 ot passim ; 
F. W. Christian, Exploration of the Caroline islands, Gcogr. Journ., 1899, XllJ, pp. 105 - 
136, and Scot. Geogr. Mag., 1899, XV, pp. 169-178*, M. Friedrichaen, Carolinen, Mitth. 
geogr. Ges. Hamburg, 1901, XVII, pp. 1-27 e t i>assim. 

* T. Kleinschmidt’s Reisen auf den Viti-Inseln, Journ. dcs Museums Godeffroy, XIV, 
1870, pp. 249-283 ; A. Wichmann, Beitrag zur Petrographie des Viti-Arcliipels, 
Tschermak, Min. Mitth., 1883, V, pp. 2 60. 

A. Agassiz, Islands and Coral Reefs of Fiji, Bull. Mus. Comp. Zool., 1899, XXXIII, 
167 pp., maps ; E. C. Andrews, Note.s on the laiiiestones and general Geology of the Fiji 
islands, with special Reference to the Lau Group, &c., op. cit., 1900, XXXVIII, Geol. 
Ser. V, no. 1, 50 pp., map. 

^ W. G. Woolnough, Continental Origin of Fiji, Proc. Linn. Soc. N.S.W., 1903, XXVIil, 
pp. 457-496 and 500-540, map; A Contribution to the Geology of Viti Levu, op. cit., 
1907, XXXII, pp. 431-474, map. 
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island. The tuff‘ is associated with limburgite lavas, and along witli these 
forms the highest point of the island (Tama-na-ivi, 1,387 meters). It 
includes badly-preserved marine shells; beds of Tertiary limestone are 
intercalated with it. 

The next older member is a rock previously regarded as ancient schist, 
but now recognized by Woolnough as a trachytic tuff rendered schistose by 
pressure. It strikes to the north-north-east, and is eovei’cd unconformably 
by lavas. 

Somewhat to the south-east of the centre of the island rises the*, con- 
siderable ridge of Mcdraiisucu, and west of this lies a granitic plat(?au, 
probaldy a horst, bounded by two faults running west-noi*th-\\'est. The 
granite is also visible in many places in the river courses, and is said 
to extend, along with other ancient rocks, over a distance of from 3'2 to 
64 kilometers. 

In the south-west of the island we come upon older limestone (according 
to Andrews, dolomite also); it is hard, bluish-yellow in colour, and dips at 
an angle of 50^ Woolnough compares it with pobliles obtainetl from 
Guadalcanar and Ysabel. It is overlain by a tliiek reguhirly stratilied 
lim(‘stone containing shells, which <Jips at an angle of 15\ Tliis limestone 
reappears as the sub>)timctui*o of the great atoll of Vanua Mbalavu in the 
Lau islands. It is, no doul)t, the same as that which Dali regarded as 
middle or upper 1\.Mdiary b 

•Still more recent is the limestone of the south-east coast containing 
great teeth of Curcharodon ; it occurs alternately with the bo<ls of tuft*. 

On the whole, the characters of a folded range do not s(iem to 
to be completely established here. The central granitic part of Viti Levn 
miglit belong to an ancient ma.ss rising between folded ranges, as happens 
in South Borneo. 

A monograph on Vaima Levtu has been published by tlup])y T1 h‘ 
island is 150 kilometers in length, on an average only 30 kilometers in 
brejidtb, and elongated towards the east-north -east. It stands on a sub- 
marine sheet of Ijasalt, which also occui*s outside Viti Levu, and is formed 
entirely by the coalescence of a considerable number of volcanic mountains, 
some of tlumi attaining a height of 1,000 meters. In the south rises the 
wide-spreading mountain of Seatura (798 meters) ; it is built up in tlie 
same fashion as Maima Loa. The south and centre of the iskiml consist 
of Ijasic rocks; only occasional l)Osses of acid rocks rise out of them here 
and there. Acid rocks, however, form the north of the island ; this gives 
oft* the peninsula of Undu, which is directed towards the north-east and 

^ A. Agassiz, Tertiary elevated Limestone Reefs of Fiji, Am. Jonrn. 8t'i., 1898, 4th ser., 
V, pp. 165-167, 

® II. B. Guppy, Observations of a natumlist in the Pacitic : 1. Vanua Levu, A Deserip’ 
tion of its leading Physical and Geological characters, 8vo, London, 1903, 392 pp., map. 
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presents a scries of lieights, 22 kilometei's in length, formed of ash and 
pumice; dykes of quartz porphyry and oligoclase-trachyte, and volcanic 
necks are visible, but no craters. 

Numerous liot springs occur. 

Third Axistrcdian Ari\aud Summary. The principal members of this 
arc, Tonga, Kermadec, and the Ruahinc range of New Zealand, as well as 
its volcanic line and the foredeep situated on the east, have already l)een 
discussed. The account of Kevj Zealand previously given (II, p. 146) may 
now be supplemented by some remarks on the structure of the north- 
west peninsula. 

The curvilinear course of the west coast of New Zealand was ascribed 
to the presence of recent littoral bars. The peninsula itself consists of 
isolated outcrops of Palaeozoic rocks, united hy recent lavas and sediments; 
thus, its direction does not represent tlio direction of the strike, and the 
Ruahine, running towards the north-east, is the only continuous folde<l 
range. 

These isolated Palaeozoic outcrops, but little marked in the relied*, contain 
gold-bearing quartz veins, and con.sc(|uently have been closely investigated. 
The accounts we have of them, and particularly those given by Cox, show 
that the beds, botli on the east and west of Ilauraki bay, strike towards 
the north, with deviations towards the north-west, and rnucli more rarely 
towards the north-east. This has also been observesl l)y C. I^huser, and on 
the east in Coromandel l)y J, 11. Adams*. The northerly direction corre- 
sponds neitlier to that of Ruahine range nor to that of the north-west 
peninsula, but it seems to show that a ramification is in i)nq)arMtion. In 
the west, indeed, on the south side of Kawliia harbour (south of lat. S.), 
an anticline of Mesozoic beds rises from the sea and strikes towards the 
north-north-wcftt — 

In order to obtain a general idea of the whole we must first consiilei- 
those features which are most pronounced, and then proceed From these to 
those which arc not so obvious. 

The western limit is given by the great foredeeps, whicli ('.xterid from 
Guam to the termination of the Philippine deeps near the Tulur islands. 
Similarly the eastern limit is marked by volcanos and the foredeep cast 
of the Tonga — Kermadec — New Zealand line. Thus Samoa is excluded. 

^ S. H. Cox, Geology of the Rodney and Marsden Counties, Rep. Geol. Kxplor., 1879- 
1880, pp. 13-38, map, in particular 23 ; Gold Fields of the Cape Goleville Peninsula, 
op. cit., 1882, pp. 4-51. map, in psu-ticular pp, 0, 11, 13 et passim ; C. Fraser and J. H. 
Adams, The Geology of the Coromandel Subdivisions: Bull. Geol. Snrv. New Zealand, 
no. 4, 1907, 154 pp., maps, in particular p. 26. 

® A. M’Kay, Geology of the Kawhia District, Bull. Geol. Siirv. New Zealand, 1883 - 
1884, pp. 140-148, map. In the Cretaceous of the upper Waipa (east of Kawhia) bouldei'S 
of granite and gneiss occur, although these rocks are not known in place in the whole of 
the north island; J. Park, Trans, and Proc. New Zeal. Inst., 1892, XXV, pp. 353-362. 
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Another line of volcanos, and an extremely long one, strikes east of the 
New Hebrides. New Guinea with Eutrecasteaux and the Louisiades form 
a unit. New Ireland, the Solomon group, and the New Hebrides form 
another unit, and descril)C an arc convex towards the north-oast. 

All the arcs and fragments of arcs are so arranged within the Kennadec 
line that they seem to whirl towards tlie bifurcation of northern New 
Zealand. 

Thus the plan assumes the form of a virgation proceeding from Nev\' 
Zealand and opening out towards the north-west and west. Secondary 
virgations open out in the New Hebrides from Efato towards Espiritu 
Santo on the one hand, and on the other towards Aurora; and tlune is also 
the far more considerable radiation which .starts from the Ellice and (Gilbert 
islands and is directed towards Kodak, Kalik, and the Carolines. 

It is possible tliat recurvature sets in towards the Asiatic boundary. 

At the same time there are many doubtful points. First among those is 
the (juestion whether the Australian cordillera along with tlu^ recent down- 
l)reak on the oast coast may be regarded as an inner arc. If so, thc' whole 
structure wouhl be concentric about an ancient vertex. But the manner in 
whicli the corrlillera is continued across Torres strait scarcely favours this 
view. Wo may enCertain the theory tliat compensation by an oblitpic 
strike occurs in the jirincipal chain of New Guinea, or that another coulisse 
exists, extending, for instance, through Chesterfield, Kelso, and Lord Howe 
islands, and we might find .support for such views I)y an appeal to zoological 
distrihution, hut it is better for the present to avoid sucdi conjectures. 

A second doubtful point is raised by the direction of tlie volcanic range 
of N(jw Britain; a third by the lie of the beds in New Caledonia; yet 
another l>y our ignorance of the relations between the Charles Louis chain 
in New Guinea and the l)and of Moresby beds in the south, and so on. 
In the hope of solving old problems, we create new ones. 

The repeated occurrence of the group of green rocks in so many of 
tht‘se islands need not at present ho <liscussed. 

Polynesia, A complete contrast to the adjacent group of the Mar()ucsas 
is presented hy the chain of the Pminwtii or Law islainfs, which is more 
tluui 1,500 kilometers in length, strikes to the north-west and consists 
of atolls. In this group Agassiz has sought to obtain special continuation 
of the view that the ntolLs are simply built up on peaks and ridges, in this 
case consisting of Tertiary limestone, denuded down to the .sea level ; tliat 
is, that they rest without a substnicture on an abrade»| socklo. 
following account is derived from his description L 

The western part of this extensive archipelago rests on a common ridge 
at —14 to —1,500 meters. Towards the vsouth-west, ('specially from long. 
140'" 30' W. onwards the depths increase ; tliey .soon exceed 4,000 met(?vs ; 

' A. Agiissiz, Coral Reefs of Tropical Fticitir, 7 -bM, maps, ‘JO I 207. 
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at the same time the islands become smaller and fewer in number and 
finally cease. Not a few of the atolls are as much as 70 kilometers in 
length, and they are very much elongated towards tlie north-west; tlie 
whole archipelago presents, in consequence, a clearly-marked strike in the 
same direction. But tlie nortli side of this north-w^esterly trending main 
range meets time after time witli rows of atolls having a divm'gent strike 
to the north-east. Those divergent rows appear indeed to be given off 
like .spill's from the main range. As examples we may cite Ahe and 
1\Ianihi (long. 146'^ W.), Takapolo and Takaroa (long. 145® W.), further 
Karoia (Barclay <le Tolly) and Takume (VVolchonsky), the two together 
over 60 kilometers in length (long. 142® 15' W.), Amanu (long. 140" 45' W.), 
and other smaller atolls. 

This singular fact, pointed out by Agassiz and clearly .seen on any largo 
map, leads us to suppose that the gently-curved main rangi! of the Paumotu 
i.slands is in fact the cadern oxiter hnrder of another system of east 
Polynesian arcs now visilde in the.se few fragments only, ami that ih* 
iitolU drihinff to the iiorth-eud mark the hefiinning of a third a/renatr 

This third arcuate .system, which we may call afbn* its largest atoll 
Haroiii^ can only be traced l.)y a scries of coral islarals, and its furtlicr 
continuation, if it has any, is purely liypotlietical. Its exisUmce is founded 
on the presumption that in this cjise also the arcs cut into one anoth<‘r, 
in other Avords that this part of Polyne.sia is built up on the same plan 
as the island festoons of East A.sia. The loundary should I'un thiough 
lat. 14'^ 45' S, and long. 110" 3(/ W., hit. 10' 25' S. and long. 142® 30' W., 
hit. 18' 8. and long. 140 55' W. 

Beneath the great atoll of Rangiroa, in the nortli-Avest of the Paumotu 
group, lie.s, according to Agas.siz, a belt of Tertiary liimrstoue, 4<,>r nutters 
in height; this seems to Ik? part of the sockle, still e.\'pose<l to view, it is 
expo.sed up to a slightly greater height in Niau, and may be recognized in 
yet other atolls by rolled fragments in tlie reef. But towards the south- 
we.st margin of the Paumotu group a few terraced liim?stone islands occur 
which are of greater lieight, such as Makatea (Mctia, of Dana; II, p. 317) 
iO meter.s high and affording Tertiary fo.s.sils, like tliose of Viti Levu; and 
fuidher to the south-east, Henderson island, with lime.stone winch is po.ssil>ly 
Mesozoic (II, p. 315). 

These higher limestone islands, Makatea, Nian, and Henderson, lie on 
the .south-west (inner) border of the main range of Paumotu. 

The lofty Tahiti or Society islands are separated from tlie Paumotu 
group by an ocean tract more than 200 kilometers broad and more than 
4,300 meters deep. While the Paumotu i.s!anrls scarcely rise al)Ove the 
surface of the sea, the principal LslanJ of Tahiti reaches a height of 2,231 
meters, and there are several otliers of these islands which exceed 
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1,000 meters. They are of purely volcanic origin. In spite of these 
contrasted characters they run so strikingly parallel to the Pauinotu islands 
that the existence of some connexion between these otherwise dissimilar 
island-chains has frequently been conjectured. The Society islands lie on 
the inner side of the limestone islands of Paumotu, just as in Tonga where 
tlie volcanic series lies on the inner side of the limestone plateaux situated 
more to the east. They terminate near long. 152'’ 30' W. ; Mehetia, close 
to long, 149° W., is also a crater ; in the same direction, towards the south- ,, 
west, follows a long interval with depths of over 4,400 meters, and then, 
where we might expect to find the line from Mehetia continued, we come 
to Hereheretuo (St. Paul, long. 145° W.). This, though separated from 
them by another abyss no less deep than the preceding, forms the first of 
a chain of atolls — the Gloucester group — which continue in the same direc- 
tion. This group possesses a calcareous substructure ; it occupies, however, 
the same position with regard to the Paumotu as Tahiti. It lies on a 
narrow ridge surrounded by depths of over 4,000 meters. 

A further enumeration of the islands to the south-west, such as 
Gambler island, the isolated volcanos of the Cook group, and numerous 
atolls would be scarcely profitable, since no connexion can be made out 
among them. ^ 

The Siiimoa or Navigator islands strike to the west-north-west, in 
correspondence with tlie curvature of the arc trending hither from the 
Paumotu and Tahiti islands. Dana perceived that the volcanic activity 
lias shifted along the line of the Samoa islands from east to west V; all later 
ol^servers are in accord on this point. On the east all traces of craters 
liave been obliterated ; in Upolu, lying in the middle of the series, they 
may be recognized as a long train corresponding with the general strike. 
Sawaii, the great island in the north-west, bears quite recent eruptive 
cones. 

On October 29, 1902, an eniption of long duration began in Sawaii; 
tlie locality, however, does not lie at the extreme north-western end of the 
series, and the eruption has therefore been regarded as indicating a back- 
^vard movement to the east There are also data referring to a submarine 
eruption which is said to have taken place in 1866 in the extreme south- 
east within the island group of Manua. 

If our view of the relation of the Paumotu group to the Kermadec line 
is correct then the Polynesian arc is cut through at this point by the 
Australian arc. 

’ J. D. Dana, A dissected volcanic mountain— some of its revelations, Am. Journ. 

1886, 3rd ser., XXXIT, pp. 247-255. 

“ 6. Wegener, Die vulcanischen Ausbrtiche auf Sawaii, Zeitschr. Ges. Erdk., 1903, 
Pl>< 208-^219 ; Reinecke, Peterm. Mitth., 1906, pp. 86-88 ; Manavanu-Ausbruch, Zeitschr. 

Erdk., 1906, pp. 686-709, map. Jensen conjectures that the volcanic lines of Tonga 

Samoa intersect each other (cf. note I, p. 301). 

f^OULAB IV 



322 THE [partv 

HmvaiL In the midst of the Pacific Ocean, rising from depths of 
4,300 to over 5^0 meters, lies An^extremely long series of islands extending 
in a west-north- west to east-southrcast direction, from long ISO*’ to 155” W. 
In the west-north-west these islands are small arid low, some of them 
presenting extremely steep submarine declivities Towards the east-south- 
east the volcanic substructure beneath the limestone covering becomes more 
and more exposed to view, and the islands increase in height and extent, 
until Hawaii, the largest of all, concludes the series. On Hawaii stand the 
mighty volcanos of Mauna Kea and Manna Loa, which mount from their 
broad base to a height of more than 4,000 meters above the surface of the 
Ocean. 

The glowing lava lake which lies in Kilauea, as well as the similar 
lake on the summit of Manna Loa, have attracted so much attention that 
the peculiar arrangement of the volcanos in plan has been comparatively 
neglected. 

The clear insight of J. D. Dana enabled him to recognize this arrange- 
ment at his first visit He pointed out that a volcanic zone proceeding from 
Kauai (lat. 22” N.) separates into two divergent lines in Oahu, one of which 
runs through the east of Molokai and Maui to the volcanos of Kohala and 
Mauna Kea in Hawaii, while the other and more .Southerly extends from 
the west of Molokai through Lanai and Kahoolawe to Hawaii, where it in- 
cludes the volcanos of Hualalai and Mauna Loa. The position of Kilauea in 
this system was doubtful, but Dana finally assigned it to the northern line. 
At the same time he pointed out that the volcanos situated to the west- 
north-west are the older and more profoundly denuded, those in the middle, 
as in Maui, better preserved, but only those situated at the end of the series 
are still active. These all lie in Hawaii, and include Hualalai, which as 
late HS 1805 and 1811 discharged lava from openings on its flanks, but has 
since been domiant, and Mauna Loa and Kilauea, which are still in full 
activity. 

These facts indicate a general displacement of the volcaidc activity 
towOvvds the east- south-east. It is not confined to a single arc as in the 
Aleutian islands, nor does it wander along transverse lines, as in Central 
America, but it extends along a definite line, or stagnates for a con.sideral)Ie 
period at one end of this line or this pair of lines. 

As early as 1888, when the volcano in Sawaii (Samoa) was already 
regarded as extinct, Dana called my attention, in a long letter, to the fact 
that in this island also the largest volcano stands at the end of the island- 
chain. 

’ A submarine reef south-west of Midway island descends at a distance of about 2,880 
meters to the extent of 2,320 meters (from -249 meters to -2,469 meters); Flint 
(note 3, p, 297), p. 5. 

* J. D. Dana, History of the Changes in the Mauna Loa Craters, Am. Joum. Sci., 
XXXVI, pp. 167-172. 
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We have already pointed out that an account referring to a submarine 
eruption off* the south-east of Samoa, iu dSTGe, is opposed to the view that 
a migration of activity takes place in a constant direction. In the islands 
of Hawaii also there are hot a few of the smaller and secondary craters 
in the central islands which do not accord with Dana*vS generalization. 
Hitchcock has described secondary craters well preserved and evidently 
recent along the south coast of Oahu Of these the best known is 
Diamond Head (Leahi), near Honolulu. There, as in several other similar 
eruptive centres, numerous corals and fragments of shells were ejected with 
the ashes ; thus, the temperature cannot have been very high, A compara- 
tively small extraneous basaltic flow which approaches Diamond Head is 
even more recent tlian this crater. The corals and shell-bearing beds which 
alternate on Diamond Head with beds of land shells, were regarded by 
Dali as of Tertiary age, and as indicating a subsidence followed by eleva- 
tion. The beds dip toward the sea ; Bishop and Branner regard the whole 
deposit as of aeolian origin ; it is a dune formation of coral sand 

Molokai, like Maui, consists of two large and ancient volcanos. In 
Molokai the western volcano is profoundly denuded, and the eastern is 
foi* the greater part sunk beneath the sea along a mighty fault. Dana 
had already recognized the presence of tlie fault ; it has been described by 
Lindgren. It strikes east and west, and forms a great cliff 1,000 meters 
in height along almost the whole north coast of the island. Beneath the 
dirt*, towards the north, lies Kalaupapa, the peninsula of the lepers. On 
this downthrown part there is a smaller secondary crater 

We may fairly conclude that Dana’s view is correct as regards the great 
volcanos, but that when the principal craters became extinct sporadic 
smaller eruptions occurred on the flanks and at the foot of the ancient 
giants. This is in harmony with Dutton’s views on the subject 

The lavas of the Hawaii islands have been described as mainly felspar- 
basalts, or as olivine-basalts, according to the locality where they were 
found. Dalton points out the entire absence of acid rocks and the * phe- 
nornenar quantity of olivine and augite, especially tlie former, in most 
of the more recent flows from Mauna Loa. From one point in the great 

' C. H. Hitchcock, Geology of Oahu, Bull. Geol. Soc. Am., 1900, XI, pp. 15-57 ; and 
W. H. Dali, Notes on the Tertiaiy Geology of Oahu, tom. cit., pp. 57-60, maps. 

S, E. Bishop, Brevity of Tuff-Cone Eruptions, Am. Geol., 1901, XXVll, pp. 1-5; 

C. Branner, Notes on the Geology of the Hawaiian islands, Am. ,Tourn. Sci., 1908, 
4th ser., XVI, pp. 301-816. On the other hand, Hitchcock, Bull. Geol. Soc. Am., 1906, 
X VII, pp. 469-484, map. 

W. Lindgren, Water Resources of Molokai, U.S. Geol. Surv. Water Supi>ly and 
tfrigation Papers, 1903, no. 77, 62 pp., map, in particular pp. 12- 15; also H. Schauins- 
biid, Kin Besuch auf Molokai, der Insel der Aussatzigen, Abh. Naturw. Ver. Bremen, 
l‘^00, XVI, pp. 513-543. 

* C. E. Dutton, Hawaiian Volcanos, U.S. Geol. Surv., IV, Ann. Rep., 1884, pp. 81-219, 
in particular p. 217. 
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cliff of Molokai Lindgren mentions very coarse-grained olivine-diabase 
as an uncommon variety : it is also said to occur in Kauai. Mohle 
describes olivine gabbro from Molokai, and olivine bombs from the more 
recent secondary centres of eruption in Oahu 

Sitmnutry, With the Paumotu arc and the indications given by the 
Raroia group in the south, and the Hawaiian zone in the north, the trend- 
lines of Oceania — so far as we can discern them at all — come to an end. 
Beyond their limits lie isolated islands or groups which do not follow 
a linear arrangement. 

As regards the Marquesas this distinction is doubtful. They form 
a series of islands 350 kilometers in length, arranged in four groups from 
north-west to south-east. With the exception of a small island in the 
extreme north-west and some smaller and isolated occurrences, no coral 
beds are known in the Marquesas, scarcely even a coastal belt. The islands 
are high and rocky and descend in steep cliffs to the sea. They arc regarded 
as basaltic, but an early account by Jardin records the existence of a great 
variety of other rocks. In particular peridotite is mentioned from Nuka- 
hiva, and a rock probably resembling gabbro, and along with these a line- 
grained leptynite with microscopic garnets \ 

Neither in the Marquesas nor in any other of the more remote and scat- 
tered islands as far as the immediate neighbourhood of the American coast 
is any trace known of rocks other than volcanic, and the.se are only rarely 
accompanied by recent coral or Lithothamnium limestone. 

Easter island, though it possesses a uniform outline, except for two 
little reefs in the south-west, actually consists of a group of crater moun- 
tains The Galapagos islands are an archipelago of crater mountains and 
present no signs of a linear arrangement^. 

^ F. Mohle, Beitrage zur Petrographic der Sandwich- und Samoa-Inseln, N. J. f. Min., 
1902, Beilage-Bd. XV, pp. 66-104, in particular pp. 80 and 84. 

* E. Jardin, Essai sur Thistoire naturelle de PArchipel de Mcndana ou des Marquises, 
Mem. Soc. Sci. Nat. de Cherbourg, 1856, IV, pp. 49-64, in particular p. 58. The deter- 
mination of the rocks was made by C. d’Orbigny ; here, too, a conglomerate is mentioned 
‘ of fragments of scoria, and micaceous trachytic fragments with a matrix of cinerite, and 
piled up around them blocks of porphyroid peridotitf^, with crystals of pyroxene and peri- 
dote Similar rocks are mentioned by Grange (Dumont d’Urville), Voyage au Pdle Sud, 
Geologie, 1854, II, p. 210. 

^ C. Vdlain, Roches volcaniques iie Tile de Paques, Bull. Soc. geol. France, 1889, 
3 ■ ser., VII, pp. 415-429, small map ; Vere Barclay, Mission a Pile de Paques, C. R. Soc. 
Geogr. Paris, 1899 (1900), pp. 169-176, map. A series of other works by Geis-sol, 
Cooke, Agassiz, and others is concerned with the gigantic statues on this island. That 
these are all overturned in rows in the same direction seems to confirm the general 
assumption that the island was visited by a catastrophe ; cf. Agassiz, General Report of 
Albatross Expedition, Mem. Mus. Comp. Zool., 1906, XXXIII, p). 29. I once thought 
1 observed in the cave at Adelsberg that a number of old stalactites were overturned in 
the same direction. 

^ T. Wolf, Besuch der Galapagoe-Inseln, Samralung von Vortriigen berausgegeben von 
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These islands recoil the group-lilce arrangement of the Atlantic islands^ 
and the serial arrangement which prevails in Polynesia does not extend so 
far as the neighbourhood of the western coast of America. 

The arc of the Aleutian islands is convex towards the south, the arc of 
the Kuriles and the succeeding Asiatic arcs towards the east, and the 
Oceanic arcs as far as Hawaii towards the north-east. All the arcs seem 
to strive towards that part of the Ocean in which the linear arrangement 
is absent, and where islands either do not occur or are arranged in groups 
as in the Atlantic. 

The greater the distance from Australia the rarer are the traces of 
ancient continental land; till at last only volcanos and atolls ai*e left, 
which scarcely rise above the ocean level. Yet these, in so far as they 
present themselves in series, arc the projections of submarine trendlines on 
tlie surface of the sea (II, p. 320). 

The investigations of the last twenty years enable us to distinguish two 
parts in an atoll ; the sockle and the crown. Sometimes we can also see 
a foundation to the sockle, formed l)y a fragment of ancient crust, as in 
Entrecasteaux ; or this ancient foundation may be covered with sediments 
of various age, ranging up into the Tertiary aera, and forming the sockle, 
as in Viti Levu; or there may be only a Tertiary plateau, such as in 
ilakatea (West Paumotu), or finally, only volcanic rock or an active 
volcano remains visible. 

New Guinea and Espiritu Santo show that post-Miocene folding is by 
no means excluded. A chain which has been folded up in the quiet abj^sses 
of the ocean is protected from the destructive action of the atmosphere. 
But when it reaches the region where the waves can act upon it the case 
is altered. Whatever rises above the sea-level is exposed to the eroding 
breakers, to rain and storms ; deep channels are excavated in it ; dolinas 
and karst features are produced in the limestone. Frequently the limestone 
succumbs altogether and is denuded away, until it forms a plateau only 
just awasli. 

The volcano, also, may pile up its cone in the abysses undisturbed; if 
the eruptive activity is sufficient it will rise above the line of the waves, 
but the ashes, less resistant than other formations, will be more rapidly 
swept away. This was the case with Graham island (Julia) (II, p. 319), 
and Lister has described the same process in Falcon island (Tonga). 

Surfaces of this kind, produced by denudation of the sockle, whether 
they consist of limestone or volcanic rock, often bear the crown seated 
directly upon them. This fact has been established by Agassiz in many 


i'^rominel und PfafF, 8vo, Heidelberg, 1879, pp. 259-300, map ; G. I3aur, New Observa- 
tions on the Origin of the Galapagos Islands with remarks on the Geological Age of the 
Pacific Ocean, Am. Nat., 1897, XXXt, pp. 661-680 and 864-896. 



326 THE OCEANIDES [party 

cases, and Voeltzkow has observed similar relations in the coral islands of 
the Indian Ocean. 

The steepness of the outer slopes of such islands is to some extent 
comprehensible when we are dealing with a denuded volcano, but it is 
scaicely likely that all these islands rest on volcanos, and the depths 
surrounding them are very great. Agassiz states that the western 
islands of the Paumotu group are probably surrounded by the isobath 
of 800 fathoms (1,403 meters); towards the south-west, however, about 
midway towards Tahiti, depths of over 5,000 meters have been sounded, 
and about the same distance towards the north-east a depth of 5,751 
metei's b 

We will now give a little more attention than has liitherto been possible 
(II, p. 318) to the valuable observations of the Challenger and the descrip- 
tions of Murray. We may Conceive that little calcareous shells sink to the 
bottom in great (juantity. They are dissolved at great depths, but accumu- 
late in moderate or lesser depths. In the abysses red clay is deposited only 
in trifling quantity, but on those submarine elevations which rise aV)ove 
the level at which carbonates are dissolved, accumulation occurs. The 
result is an exaggeirdion of the relief. Thus, the depths persist, while the 
ridges increase in height and may even grow into peaks. 

Thus, during a long period of rest not only may a great sockle of lime- 
stone arise, but at some remote period, w^hen tlie level of the ocean was 
higher, the deposit of limestone may even have grown up to a height above 
the sea-level as it now exists. It has then been denuded in terraces, owing 
to interaiittent negative movement, and successive stages, three, two, or one 
in number, have been left behind, or perhaps, only the platform to which 
the crown adheres. In most cases even this is invisible. 

It is easy to understand how at first sight of an atoll the comprehensive 
mind of Charles Darwin should have received the impression of general 
subsidence. On the other hand, it is equally easy to understand that the 
terraced islands, such as Lifu (Loyalty islands, II, p. 316, fig. 31) should 
have been regarded as proofs of elevation, and that maps should have 
been produced which represent the Ocean as a region of irregularly^ alter- 
nating elevation and subsidence. 

The regular terraces must, before all, be distinguished from the recent 
folds : folding is certainly able to transfonn terraces already present, as in 
Espiritu Santo, but could never give rise to terraces which run horizontal 
through several degrees of latitudes. In cases where determinable fossils 
occur, as in the terraced limestone of Christmas island, south of Java, or in 
the remains of the Vicksburg stage, frequently mentioned by Agassiz and 
of about the same age, all uncertainty vanishes, and we see that the Imild- 


A. Agassiz, Coral Reefs of the Tiopical Pacific, p. 25 et seq. 
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ing up of the sockle must have begun since the Aquitanian period at least. 
In those places where the Tertiary limestones have reached their existing 
lieight as a consequence of tectonic folding, the atolls also exhibit a definite 
strike, as in the Paumotu islands. 

The highest level at which a clearly marked terrace occurs was formerly 
believed to be 100 meters. Recent observations place it at about 500 feet 
(15)2*4 meters). 

The case is similar for the volcanic sockle. When Graham island 
(Julia, Ferdinandea), made its appearance, in the summer of 1831, it was 
believed that a new mountain range was about to unite Sicily and Tunis, 
that Malta would lose its military importance, and the strait of Messina 
acquire the significance of the strait of Gibraltar ; the political movement 
of those days is even expressed in the struggle over the name of the new 
island b There are distinguished investigators, even at the present day, 
who overrate the elevating activity of volcanos. This is certainly able to 
raise isolated loose blocks or fragments to a considerable height, as is 
shown by a great mivss of Goniastraea, which has been found in volcanic 
tuff in Viti Levu at a height of 393 meters. They are also able by the 
lateral intrusion of sills, or in some other way, to cause smaller local 
elevations, as in the case of the temple of Serapis. They do not, however, 
produce such extensive and uniform movements as occur in terraced islands, 
and similar terraces are seen on islands and coasts which are quite remote 
from volcanos. Yet, notwithstiinding the valuable investigations quite 
recently made, and notwithstanding the objections which such distinguished 
investigators as Semper, Murray, Agassiz, and so many others have raised 
to the views of Darvsrin and Dana, it must still be admitted that the depth 
of the enclosed lagoon has not yet been completely explained. Thus, the 
view that the crown has been built up by corals during positive movement 
has still some foundation (II, p, 321). The existing state of observations 
seems to afford most support to the view that the strand is affected by two 
kinds of movement, a slight positive movement of considerable duration, 
interrupted from time to time by a transitory negative episode wliich 
produces a new terrace. The presence of terraced islands shows that in 
Oceania the total negative movement is greater tlian the positive. 

' J. Gosselct, Constant rrevost, Coup d'ceil retrospectif, Ann. Soc. geol. du Nord, 1896, 
XXV, pp. 211, 229. 

^(idendunu Mr. Speight, of Canterbury College, New Zealand, has kindly sent me 
a paper announcing the successful return of a scientific expedition which had been sent 
CO the southern islands ; it also states that the Snares, Campbell, and Auckland islands 
contain ancient rocks, and must certainly be regarded as parts of an ancient continent. 
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CHAPTER X 

ENTRY OF THE ASIATIC ISLAND FESTOONS INTO 

AMERICA 

Introduction. Taimyr. 1. Anadyrides. Arc of Verkhoiansk. Delta of the Lena. Yana, 
Indigirka, Kolyma. Penshina and Anadyr. 2. Alaitkides. Romanzof range. Seward 
and Chuchken peninsulas. Alaska range. Peninsula of Alaska. Aleutian islands. 
Kenai range. Summary. 

In the following pages we will first consider in greater detail the north- 
east of Asia, in conjunction with what has already l^een said concerning 
island festoons, and we will then trace its relations with America. 

Long and narrow foredeeps sunk much below the general level of the 
sea-fioor, which lies at —4,000 to —5,000 meters, surround the Asiatic 
sy*stem both on the north and south of the Pacific Ocean. The depth 
outside the Liu-Kiu islands sinks below —7,500 meters, outside the Kuriles 
— 8,513 meters was .sounded, and south of the Aleutian islands more 
than — 7,000 meters. The island festoons are marked by long rows of 
volcanos ; noivjithstatulinfj their parallel course these are independent of 
the foredeeps. Not infrequently they are separated from the foredeep by 
a cordillera or by fragments of a cordillera. 

A series of long chains converges from the south towards tlie middle of the 
sea of Okhoi.sk (III, p. 122). The most important of these are : the Aldan 
range along the west coast (Djugdjur, Neinerikan, Primorskii-Khrel)et), the 
Bureya range (Little Khingan) whicli, attended by many secondary chains, 
reache.s the south -coast, then the Sikhota Alin, and finally, Saghalien, with 
a great part of Hokkaido. It was observed by Bogdanowitsch that the 
granite and porphyry of the Djugdjur are younger than the Jurassic coal 
beds, wdiile the rocks composing the chains between the Djugdjur and the 
sea are of much greater age. Towards the north, i.e., towards the town of 
Okhotsk and for a .short distance beyond it, the folding of these mountains 
becomes Ie.ss intense. Its place is taken by longitudinal fractures. On the 
Marekanka, where marekanite occurs (III, p. 124) rliyolites also are now 
known; andesite is more widely distributed than was proviou.sly sup- 
posed 

The whole of the wedge-shaped fascicle of chains, from the Djugdjur to 
Saghalien, may be termed the Ochotides, On the south its lines proceed 

' K. J. Bogdanowitsch, Beschreibung der Lagerung dea Marekanites in der Nahe der 
Stadt Ochotak, und Geologische Bkizze dcr West-Kuste dea Ochot'sehen Meerea, 64 pp., 
maps. 
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far into Manchuria, thus showing its close connexion with the eastern 
Altaidesof inner Asia. North of Okhotsk it meets a second fascicle, which 
extends from the arc of Kamchatka and the Kuriles into tlie delta of the 
Lena. This comprises, in addition to the Kamchatka and the Kuriles, 
the chains of Yishiga to the north of the sea of Okhotsk and the short 
chains on its north-west side, as well as the great arc of Verkhoiansk. 
They converge, as far as can be seen from existing accounts, towards the 
region of the Anadyr ; we shall term them the Anctxlyrides, 

Another group is formed by the Alaskides. These include all the 
mountain ranges situated between the Aleutian islands and the Arctic 
chains of Alaska. They converge towards the east, and in the meridian 
of the gulf of Chugatsk (Prince William, long. 146^-148° E.), their several 
arcs enter into syntaxis with the American chains (II, p. 196). Towards 
the west the lino of the Aleutian islands meets that of Kamchatka in 
a manner which shows an independence just as great as that of the Kuriles 
with regard to the line of Saghalien-Hokkaido (III, p. 141). 

We may, therefore, descxdbe these three fascicles as so many virgations, 
wliich are all open towards the south or west, converge towards the north 
or east, and are convex towards the east or south; their volcanos and 
foredeeps lie to the east or south, i.e., on the Pacific side. 

A few words concerning an isolated and little-known fragment of a 
folded range, which is visible near cape Tsheljuskin, may precede our 
description of these groups. 

Tolinatschew and Backlund have shown that tlic east Siberian table- 
land, consisting of a sheet of diabase resting on horizontal Palaeozoic beds 
(III, p. 29) reaches lat. 68"* N. between the affluents of the Chatanga and 
the Yenisei, and then breaks up towards the east into separate tabular 
fragments. Flat-lying Camljrian beds surround lake Echo (Esse, also 
il essei), the lower Alonero, and a considerable part of the Chatanga : they 
contain Anomocare and Archaeocyathus. At one locality upper Silurian 
corals were met with. 

Beneath this disintegrating platform gneiss is visible. Tolinatschew 
states that the Cambrian rocks on the upper Anabar resemble gneiss, and 
recalls the fact that Tschekanowski found pebbles of granite on the Olenek 
and Argasala. Tolinatschew has also observed gneiss on the upper Cluit- 
anga. According to Backlund's description this structure extends betw^een 
the Chatanga and Anabar to al>out lat. 72'' N. and then terminates in step- 
laultwS. Along one of these faults the Mesozoic transgression with Aucella 
and Belemnites must also come to an end Nordenskjold has also observed 

' .T. P. Tolmatscliew, Sixth Report of the Chatanga Expedition, Izveatija Imp, ross. 
^?eogr. Obsch., 1906, XLII, p. 792 et seq. (in Russian) ; general map, op. cit., 1905, XLI, 
p. 620 ; H, Backlund, On a Gneiss mass in the north of Siberia, Bull. Acad. Imp. Sci. 
Saint'Peter8b.,1907,pp.797,798(in Russian), and Trudi geol Mus. Peter derGrosse, 1907, 
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In the following pages we will first consider in greater detail the north- 
east of Asia, in conjunction with what has already been said concerning 
island festoons, and wx will then trace its relations with America. 

Long and narrow foredeeps sunk much below the general level of the 
sea-floor, which lies at —4,000 to —5, (XX) meters, surround the Asiatic 
system both on the north and south of the Pacific Ocean. The depth 
outside the Liu-Kiu islands sinks below —7,500 meteps, outside the Kuriles 
— 8,513 meters was sounded, and south of the Aleutian islands more 
than —7,000 meters. The island festoons are marked by long rows of 
volcanos; notidthstaiuling their paraUel course these are independent of 
the foredeeps. Not infre(juently they are separated from the foredeep l.>y 
a cordillera or by fragments of a cordillera. 

A series of long cliains converges from the south towards the middle of the 
sea of Okhotsk (III, p, 122). Tlie ino.st important of these are : tlie Aldan 
range along the west coast (Djugdjur, Nemerikan, Primorskii-Khrebet), the 
Bureya range (Little Khingan) which, attended by many secondary chains, 
reaches the south -coast, then the Sikhota Alin, and finally, Saghalien, with 
a great part of Hokkaido. It was observed by Bogdanowitsch that the 
granite and porphyry of the Djugdjur are younger tlian the Jurassic coal 
beds, while the rocks composing the chains between the Djugdjur and the 
sea are of much greater age. Towards the north, i.e., towards the town of 
(Okhotsk and for a short distance beyond it, the folding of these mountains 
becomes less intense. Its place is taken by longitudinal fractures. On the 
Marekanka, where marekanite occurs (III, p. 124) rhyolites also are now 
known; andesite is more widely distributed than was previously sup- 
posed h 

The whole of the wedge-shaped fascicle of chains, from the Djugdjur to 
Saghalien, may be termed the Ochotides. On the south its lines proceed 

* K. J. Bogdanowitsch, Beschreibung der Lagerung des Marekanites in der Nilhe der 
8tadt Ochotrik, und Geologische Skizze der West-Kuste den Ochot’sehen Meeres, 64 pp., 
maps. 
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far into Manchuria, thus showing its close connexion with the eastern 
Altaides of inner Asia. North of Okhotsk it meets a second fascicle, %vhich 
extends from tlie arc of Kamchatka and the Kuriles into the delta of the 
Lena. This comprises, in addition to the Kamchatka and the Kuriles, 
the chains of Yishiga to the north of the sea of Okhotsk and the short 
chains on its north-west side, as well as the great arc of Verkhoiansk. 
They converge, as far as can be seen from existing accounts, towards the 
region of the Anadyr ; we shall term them tlie Anadyvides, 

Another group is formed by the Ala^kides, These include all the 
mountain ranges situated between the Aleutian islands and the Arctic 
chains of Alaska. They converge tow^ards the east, and in the meridian 
of the gulf of Chugatsk (Prince William, long. 146'~148'' E.), their several 
arcs enter into syntaxis with the American chains (II, p. 196). Towards 
the west the line of the Aleutian islands meets that of Kamchatka in 
a manner which shows an independence just as great as that of the Kuriles 
with regard to the line of Saghalien-Hokkaido (III, p. 141). 

We may, therefore, describe these three fascicles as so many virgations, 
which are all open towards the south or west, converge towards the north 
or east, and are convex towards the east or south; their volcanos and 
foredeeps lie to the east or south, i.e., on the Pacific side. 

A few words concerning an isolated and little-known fragment of a 
folded range, whicli is visible near cape Tsheljuskin, may precede our 
description of these groups. 

Tolrnatschew and Backlund have shown that the east Siberian table- 
land, consisting of a sheet of diabase resting on horizontal Palaeozoic beds 
(III, p. 29) reaches lat. 68*’ N. between the affluents of the Chatanga and 
the Yenisei, and then breaks up towards the east into separate tabular 
fragments. Flat-lying Cambrian beds surround lake Eche (Esse, also 
Jessei), the lower Monero, and a considerable part of the Chatanga: they 
contain Anomocare and Archacocyathus. At one locality upper Silurian 
corals were met with. 

Beneath this disintegrating platform gneiss is visible. Tolrnatschew 
states that the Cambrian rocks on the upper Anabar resemble gneiss, and 
recalls the fact that Tschekanowski found pebbles of granite on the Olenek 
and Argasala. Tolrnatschew has also observed gneiss on the upper Chat- 
anga. According to Backlund’s description this structure extends between 
the Chatanga and Anabar to about lat. 72° N. and then terminates in step- 
faults. Along one of these faults the Mesozoic transgression with Aucella 
and Belemnites must also come to an end Nordenskjold has also observed 

^ J. P. Tolrnatschew, Sixth Report of the Chatanga Expedition, Izvestija Imp. ross. 
Ceogr. Obsch*, 1906, XLII, p. 792 et eeq. (in Russian) ; general map, op. cit., 1905, XLl, 
p. 620 ; II. Backlund, On a Gneiss mass in the north of Siberia, Bull. Acad. Imp. Sci. 
Saint-Petersb., 1907, pp.797, 798 (^in Russian), and Trudi geol. Mus. Peter der Grosse, 1907, 
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gneiss and mica-schist in the west of the island of Taimyr (Actinia harbour, 
to the west, outside Taimyr bay) ^ 

This extensive outcrop of gneiss from beneath liorizontal Cambrian beds 
forcibly recalls the Canadian and Baltic shields. A fact worthy of attention 
but difficult to explain is the wide distribution of salt. Palaeozoic salt has 
been mentioned as occurring up to lake Ubsa-Nor, in the valley of the 
lakes (III, p. 86), and as far as Jliniisinsk (III, p. 78), where it lies between 
marine Devonian and beds containing the Culm flora. Hero in the 
north we have probably before us the continuation of the gypsum and salt 
deposits of the A^ilyui, which are there regarded as part of the red lower 
Silurian (III, p. 33). Backlund mentions gypsum and salt of Palaeozoic 
age on the middle course of the Monero, and again, but far to the north, 
between the mouths of the Anabar and Chatanga, the salt mountain of 
IJeruntumus, which is supposed to be Mesozoic. Belemnites have been 
obtained from the island of Preobrashenskij, which lies off the coast 

This is the structure of the land through which Middendorlf, starting 
from Tunichansk, travelled towards the north under the greatest difficul- 
ties. In lat. 69'" 30^ N. he reached the lakes of the uppermost part of the 
Paisina and the Sywerma range. There he was still in the region of 
the basic eruptive rocks of the lower Yenisei. He travelled up the 
Dudypta towards the north-east and then reached the upper Taimyr 
through the tundra. This river flows for some distance along the south 
foot of the low range of Byrranfja, and expands in lat. 74° N. to form 
a lake. Before this occurs it carries with it pebbles containing Belemnites 
Pander iy Aucella and other fossils 

The lake now gives ofl’ a broad process elongated towards the north, 
which crosses the Byrranga range. On the sides of this passiige amygdaloid 
lava is to be seen; the range itself consists of folded clay slate and grey- 
wacke. The steeply inclined beds are exposed at several places on the 
lower Taimyr. The island of B<ter (lat. 75' 30' N.) consists of diorite and 
diorite schist. 

From the hills near the mouth of the Taimyr Middendorff saw the 
Byrranga range extending towards the north-east as far as the eye could 
reach. The coasts in this direction were rocky, as at the mouth of the 

I, pp. 91-170 ; Travaux et resultats de TExpeditioii de la Khatanga, La Geographic, 
1908, XVII, pp. 117-124, map. 

^ A. E. Freiherr von Nordenfikjold, Die Umseglung Aliens und Europas, Ger. ed., I, 
Leipzig, 1882, p. 289 ; Vega-Expedition, vet. jakt., 1882, I, p. 14. As regards Lonely 
island situated far to the north, I only know that it is high and rocky, Mohn, Peterm. 
Mitth., 1879, p. 57. Toll has made important alterations in the map of the east coast of 
Taimyr Bay, Bull. Acad. Imp. Sci. Saint- Pet ersb., 1902, V ser. XVI, p. 195 et seq., maps. 

B. Lundgren, Ofv. k. Vet.-Akad. Fdrh. Stockholm, 1881, no. 7, pp. 3-7. 

* A. T. von Middendorfl^s Reise in den iiUBsersten Norden und Osten Sibiriens, 1848, 
1, 1, pp. 195-215 (Geognostische Betrachtungen bearbeitet von G. v. Helmerscn) ; also 
1867, vol. IV, passim ; Keyserling, Jura-Versteinerungen vom Taimyr, op, cit., I, p. 253. 
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river itself. From the accounts published by Pronschischtschew and Laptcw 
in the eighteenth century, Middendorff obtained the information that the 
east coasts of Taimyr peninsula towards Saint Thaddeus bay are precipitous, 
and that snow-covered mountains lie north of this bay and surround it 
with their steep declivities. Middendorff concluded that the Byrranga 
range sends off a branch into the point of Taimyr peninsula, and Holmersen 
also was of opinion that cape Tsheljuskin belongs to it Indeed Norden- 
sk jold has actually seen mountain chains on this peninsula, and on cape 
Tsheljuskin he came upon vertically upturned phyllites and clay slates, but 
with a strike from west-north- west to east-south-east 

This is the only existing observation on the true strike. It is possible 
that the diabase of the Yenisei forms a large part of the Byrranga range 
and its continuation towards Taimyr. — 

Arc of Verkhoiansic. An arcuate range, forming a watershed, runs 
towards the south-west between the Anadyr and Omolon. Its eastern 
slopes approach the sea of Okhotsk, but it is separated from this sea by 
a long strip of land on which a narrow ridge, the Kava range, inserts 
itself. Towards the sources of the Okhotii it recedes from the sea ; includes, 
besides the sources of the Kolyma, those of the Indigirka and \ ana ; is 
accompanied along ifs south foot first by the river Aldan, and then for 
a long w^ay on the west side by the Lena; finally it accomplishes 
a slight bend at its north-western extremity by which its outermost 
offshoots, striking to the west-north-west, reach the delta of the Lena and 
even the mouth of the Olenek. The maimer in which the hydrographic 
system is shut out is remarkable. 

Maydell has clearly shown that two difterent ranges meet together 
near the Okhota. The northern range, which we assign to the arc of 
Verkhoiansk, he terms the Kolyma range. Its direction and structure 
are difterent from those of the Aldan range (Bj'igdjur) ^ 

The region of encounter lies above the Okhota and above its great 
tribuUiry the Arka. A large part of the arc of Verkhoiansk is here known 
by the inhal)itants as the Oinukon platmn. The Kolyma and Indigirka 
flow from this point towards the north. On the east, the ridge which 

' A. T. V. Middeiulorff, op. oit I, p. 215, and IV, p. 205, note. Two of the specimens 
obtained by Middendorff have been examined by Chrustsebow ; one is of trachytic type 
(Taimyrite), the other is a granitic rock, Bull. Acad. Imp. Sci., Saint-Petersb., 1893, III, 
pp. 421-431. 

* A. E. Tilraebohm, Under Vega-Expeditionen insamladc bergarter in NordenskjOld 
Vega-Expedition vet. jakt., 8vo, Stockholm, 1887, IV, p. 119. 

* Baron G. Maydell, Reisen und Forschungen im Jakut^kischen Gebiete Ost-Sibiriens, 
II, in Schrenk und Schmidt, BeitrU-ge zur Keniitniss des russischen Reiches, 1896, 4. Ser., 
vol. II, pp. 219, 223 et seq., map. The ethnographer Jochelson arrived very near to the 
almost unknown western side of the Kolyma range : Jochelson, An den Fldssen Jassat- 
Bchna und Korkodon, Izvestija Imp. ross, Geogr. Obsch., 1898, XXXIV, pp. 255-290, 
map, in particular p. 278. 
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forms a watershed is termed, as already mentioned, the Kolyma range. 
Towards the west it bears the i\M\\e oiiSo7\ioginskij-Khrehet,thtdn for a long 
distance onwards it is known as the ridye of Verkhoiaiislc, a little later it 
becomes the Orulgan, and finally, as it extends towards the Arctic Ocean, 
the Khara Ulaclu 

This great arc consists of folded strata. Nowhere throughout its whole 
extent, from the watershed of the Anad^’r to the mouth of the Lena, have 
gneisses or pre-Palaeozoic rocks as yet been discovered. The Aldau and 
the Lena separate it sharplj*^ from the east Siberian tableland, the Cambrian 
sediments of which are to l)e seen within a short distance lying undisturbe<l. 

For the extreme north-west and the west of this region we have the 
accounts of two admirable observers. The first is Tschekanowski, who 
has described the structure at the confiuences of the rivens and in parts of 
the western arc Tlie journeys of Baron von Toll have given us detailed 
information of the same regions, and especially of the structure of the 
valley of the Yana and the New Siberian islands, wdiich lie off the north 
coast 

In 1850 Meglitzky de.scribed a transverse section of the region, starting 
from the mouth of the Aldan In 1891 Tscherski investigated the regions 
further to the east ; he also started from the Aldan, crossed the Verkhoiansk 
range in lat. Gri"* 40' N., traversed the upper l>asin of the Indigirka and 
reached V^erkhne Kolymsk. Shortly afterwards he fell a victim in the 
deserts of the Kolyma to the hardships imposed upon him by his enthusiasm 
for our science 

As regards the regions which follow to the east, and particularly for 
the fragment of arc to the east of tlie Omolon there is a dearth of exact 
information. We are thus forced to rely almost wholly on the configuration 
of the surface, until w-e again reach the far north where the travels of 
Ferdinand v. Wrangell and his companion Matjuschkin, performed under 

^ Diaries of the Exi)edition of A, L. Tschekanowski to the rivers Lower Tungiiska, 
Olenek, and Lena, publ, by the Imp. Russian Geographical Society, Svo,St. Petersb., 1890, 
maps, pp. 195-275 r. 

® Schrenk, Bunge, and Toll, Expedition nach den Neu-Sibirischen Inseln und dern 
Jana-Lande, Beitriige zur Kenntniss des nissischen Reiches, 3. sen, vol. Ill, maps ; 
Baron E. von Toll, Wissenschaftliche Resultate der von der kaiserlichen Akademic 
zur Erforschung des Jana^Laiides und der Neu-Sibirischeri Inseln in den Jahren 1885-* 
1886 ausgesandten Expedition, I, The Palaeozoic Fossils of the island of Kotelny, 
Mem. Acad, Imp. Sci. Saint-Petersb., 1889, XXXVJIT, no. 2, and II, Tertiary Plants of the 
Islands of New Siberia, by J. Schmalhausen, with an introduction by Baron von Toll, 
op. cit. XXVII, no. 5 ; Baron K von Toll, Geological Sketch of the New Siberian 
islands, op. cit., 1899, VIII, sen IX, no. 1, maps, r. 

® N. Meglitzky, Geognostische Beobachtungen auf einer Reise in Ost-Sibirien im 
Jahr 1850, Verb. russ. k. min, Gcs., 1850-1851, pp. 118-162, map. 

^ J. D. Tscherski, Report on the exploration of the region of the rivers Kolyma, Indi- 
girka, and Jana, Mem. Acad. Imp. Sci. Saiut-Peterab,, 1893, vol. LXXIII, no. 5, 35 pp., 
maps (in Russian). 
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great difficulties iu the years 1820 to 1840, make it possible to establish some 
connexion with the east and north-east, described in more recent works ^ 

The delta of the Lena. Let us follow Tschekanowski down this river. 
The western border of the neighbouring range of Verkhoiansk shows 
plant-bearing sandstone, often white and containing geodes; north of 
Jat. 69*' N. the course of the river approaches closer and closer to the 
mountains. The folds become more distinct, the banks rocky and steeper. 
Near Ajakit (a. Fig. 26) the Khara Ubach advances close to the river as 
a range of snow mountains; the left bank also has now become higher. 
It consists of the same plant-bearing sandstone, and we can already make 
out that the beds of the mountains on the right are inclined, not only more 
steeply, but in an opposite direction to those of the sandstone on the left. 
The banks become steadily higher and the strata in place of undulating 
curves present violent <lislocations. The Lena now flows within a folded 
range 

Ischekanowski left the Lena near Ajakit. and turned north-west to the 
Olenek. There also the plant-1 >caring sandstone forms the foundation ; 
it is accompanied by the Inoceramus beds of the Volga stage and both are 
thrown into broad folds 

I he lower course the (Jlenek, running north-west, is accompanied on 
its right side by a short ridge of TriawS limestone ; this begins at the rock 
of Mengilach (/>, Fig. 26), famous as a rich locality for lower Trias fossils 
(zone of Cemtiteif mbrohustus), and extends like a spur right down to the 
mouth of the river 

Tolls description of the rocks of the delta of the Lena provides us with 
the following : Below Ajakit and north of lat. 7V N., before we reach the 
head of the delta, precipitous limestone cliffs rise on the right shore to 
a luiight of 760 meters. At the extreme point of the right shore, which 
advances into the alluvial land, upper Carboniferous fossils occur, among 
them Spirt fer Mosqncnds. Immediately to the west of this range Trias crops 
out. It forms a small part of the right shore and several of the adjacent 
islands, from the island of Tass-Ari (c, Fig. 26) down to the head of the 
<lelta ^ 

To the east of this range of hills lies the Borchaya bay in the Arctic 

' F. von Wrangell, Reise langs dor Nord-Kiiste von Sibirien und auf dom Eismeere in 
<len Jahren 1820 bis 1824, ed. by Engelbardt, 8vo, Berlin, 1839. 

^ A. L. Tschekanowski, Diaries of the Expedition to the rivers Lower Tungiiska, Olenek, 
‘•nd Lena, pubL by the Imp. Russian Geographical Society, 8vo, St. Petersburg, 1896, 
wraps, p. 229. 

' 1. Lahusen, Inoccramen-Schichten an der Olenek und der Lena, Mem. Acad. Imp. 

Saint-Petersb., 1886, 7® ser., XXXIII, no. 7. 

P * ^^®^'hekanowski’s description of the rock of Mengilach, published as a translation by 
Schmidt in E. von Mojsisovics, Arktische Trias-Faunen, Mem. Acad. Imp. Sci. 
Saint-Petersb., 1886, 7® ser., XXXIII, no. 6, p. 4. 

' Toll in Mojsisovics, Ueber einige arktische Trias-Ammoniten, Mem. Acad. Imp, Sci. 
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Ocean ; on the peninsula which projects from the range where it forms the 
east coast, south of lat. 72"* N., a mammoth was found in 1799. 

The extreme end of the folded range, however, is not reached on the 
Olenek. The spur which separates the Lena and Olenek has been named 
the TshekanovsH-Khreht by von Toll, and on the other side of it he has 
observed another range of hills accompanying the sea coast as far as the 



Fro. 26. The delta o/the Lena. (Observations of the Russian Polar station at the mouth of 
the Lena, prepared by Eigner, published by the Rr»yal Geographical Society, 4to, St. Petersburg, 
1886.) a, Ajakit; MengilHch; c, Tass Ari ; d, Kegyl Ghaja; e, Tuinul Chaja ; /, Khara 
Ulach bay in th<* bay of Borc-haya ; //, Meteorological Station of Bulun Ketach (Ssagastyr). 


Anabar. This is only separated from the sea l)y a narrow tundra, and 
consists chiefly of Mesozoic beds dipping to the south-west. Along the 
lower course of the Anabar the following succession is exposed, going from 

Saint-Petersb., 1888, 7® ser., XXXVI, no. 5, p. 13 et aeq. ; Mojsi 80 vic 8 ,Waagen,und Diene r, 
Entwurf einer Gliederung der pelagiscben Sedimente de« Trias- System.s, Sitzb. k. Akad. 
Wiss. Wien, 1895, CIV, pp. 1288 and 1295, note 0; Noetling, Lethaea mesozoica, I, 
p. 200, Dioner, Alter der Olenek -Schichten, N. J. f. Min., 1908, pp. 233-237. 
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north to south : Lias (with Amalthms lyiargaHtaius), Volga stage, Neo- 
comian, Oxfordian Lias. Von Toll calls this range ProntsJtishtshev KhrebeL 
Here the foreland begins, namely, the region of the basic eruptive rocks 
and the Palaeozoic platform (III, p 31). 

These ai-e the free ends, divided into coulisses, of the arc of Verkhoiansk. 
Sad memories attach to these localities. In 1735, Lieutenant Lasinius 
with thirty-five companions succumbed, in the Khara Ulach inlet of 
Borchaya bay (/), to scurvy and the hardships they had undergone. At the 
extreme point of the Trias spur (e) on the Olenek the daring explorer 
Prontschischtschew and his wdfe lost their lives in 1736. On the island of 
Kegyl Khaja {d, at the end of the Trias islands of the Lena) Lieutenant 
De Long and almost the whole crew of the Jeannette died of starvation 
while endeavouring to make tlieir way back from the discovery of Bennett 
Land, where tlie admirable investigator Baron von Toll passed away in 
1902. Even amidst the ice the laurel flourishes. 

The Yana. Plant-bearing beds and the Volga stage border the left 
bank of the Lena from the north to Yakutsk. On the right bank Bunge 
observed upper Devonian shales and sandstone in lat. 67^ N.; the same 
rocks were encountered by von Toll on the summit of the watershed which 
runs north and soutbof lat. 65^ N., near the sources of the Dulgalach, ami 
were there covered by glauconitic sandstone of tlie Volga stage with 
Inoceramus b Meglitzky, travelling across the range from the mouth of 
the Aldan towards the north-east, observed undulating plant- and coal- 
bearing beds which extend up to a considerable height, and then as far 
as the summit of the pass steeply upturned beds of Carboniferous with 
Productu8 niesolohus and other fossils 

Within this arc three rivers flow fairly parallel to the north-north-east, 
first the great Omoloi, which reaches Borchaya bay hy a bend to the north- 
north-west, then Butantai and Dulgalach, which are the left tributaries 
of the Yana. The Omoloi and Butantai are separatetl l)y the range of 
Kular; it extends towards the north-east and its last spur reaches the 
left bank of the Yana in lat. 70^* 23' N. Here rises the rock of Magyl noted 
for its lower Trias fossils. While, as we have already seen, Devonian, Car- 
boniferous, and the Volga stage surround the w^atershed in the south ; in the 
north, on the other hand, Toll and Bunge have observed Trias with Paeiuio- 
monotis Ochotica distrilmted over a remarkably wide area, as at many 

* E. von Toll, Geological Sketch of the New Siberian islands, Beitriige zur Kenntniss 
<les russischen Reiches, 1899, VIIl, ser. IX, no. 1, maps, p. 9 (in Russian). 

* N. Meglitzky, Geognostische Beobachtungen auf einer Reise in Ost-Sibirien iin Jalire 
1850, Verb. Russ. k. min. Ges., 1850-1851, p. 140. 

® Mojsisovics, Aiktische Trias-Aminoniten, Mem. Acad. Imp. Sci. Saint-Pete rsb., 1888, 
7® s^r., XXXVI, no. 5, p. 1.3 et seq. Bunge found a fossil resembling Gnjphaea dilataia 
ia lat. 67® 30' N., so that doubtless recent deposits are also present : Toll, Geological 
Sketch, &c., p. 8. 
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points on the Butantai, the Dulgalach, and the Yana. It is thrown into 
folds and extends through six degrees of latitude ^ In this vast region of 
shales and sandstone rise isolated mountains of eruptive rock. Quartz 
porphyry occurs above the town of Verkhoiansk. On the Adytsha (right 
tributary of the Yana) granite crops out (Yninach-chaja, 1,625 meters). 

The watershed between the Yana and the Indigirka is formed by 
the imposing range of Koch Tass, the iiortliern part of which directed 
towards the north-north-west bears the name of Tass Hajachtach. 
Wrangell has crossed this part between lat. G?"* and GS"* N. Both on 
the summit of the watershed and on the banks of the Indigirka black 
scliists are encountered striking from west to north, that is, at right 
angles to the mountains, and in accordance with the general structure of 
the arc of Verkhoiansk^. Near lat. 70'" N. the Tass Hajachtach reaches 
the Yana. On its extreme northern border, already beyond lat. 70*" N. 
von Toll’s map marks the Trias. Then follows on the north a broad 
tundra from which rises a series of four domes of basic eruptive rock. 
The fourth dome is somewhat broader than the others ; it includes the 
promontory of Sujatoi Noss\ here von Toll mentions olivine basalt. 
iSurak-tass near the promontory has the form of a volcano with a crater. 

The Indigirka, The vratershed between the Ochota and Indigirka is 
of primary importance in a study of north-eastern Asia. Fortunately we 
have a valuable description of this region by Tscherski 

In long. 136® E. Tscherski left the Aldan ; he travelled obliquely across 
the mountains to Oimekon on the upper Indigirka and thence to the 
Kolyma (PI. II). The scenery is alpine, with steep descents and sharp 
peaks. A considerable mountain mass, the Suantar-ChivyaUi, rises on the 
threefold watershed between the Allach-yuna (Aldan-Lena), Okhota, and 
Suantar flowing to the Indigirka. Its highest part, situated between the 
uppermost branches of the Suantar, is always, according to the natives, 
covered with snow, but in the whole of the remaining region as far as the 
Kolyma none of the peaks reach the snow-line, although some attain 
a height of 2,300 meters above the sea. We only meet with ‘Aufeis ’ 
(naledei, or in Yakut, taryn), namely, strips of ice in the valley bottom, 
only a few meters in thickness, but sometimes reaching a length of 12 kilo- 

^ E. von Toll, Beitrfige zur Kenntniss des russischen Reiches, 3. ser., Ill, pp. 317-319 ; 
iScliinalhausen, op. cit., II, p. 3 et seq. ; Toil, Geologfical Sketch, p. 11 et seq. 

* F. von Wrangell, Reise IS-ngs der Nord-Kustc von Sibirien und anf dem Eismeere in 
den Jahren 1820 bis 1824, 8vo, Berlin, 1839, 1, pp. 170, 173. 

^ Tscherski^a account was written in Vorkhne-Kolymsk not long before his death ; the 
heights given are not relative to the sea- level, but to the Lena near Yakutsk (65 meters, 
the town 90 meters) ; they have beem given unaltered in fig. 27. The figures in the text 
have been converted into heights above sea-level. The statement that Yakutsk lies at 
a level of 500 feet is due to some error ; cf. Maydeh, Reisen und Forschungen, &c., L 
Beitriige zur Kenntniss des russischen Reiches, II, p. 423. 
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meters. In the south, near the Aldan, they occur at a height of 900 meters 
above the sea, but in the north, on the Kolyma, they are not fouml bcJow 
1,480-1,490 meters. Tliis is the form taken by the glaciation oE the coldest 
part of Asia^ 

The mountainous region falls into four great ranges which may be seen 
on plate II. The first of these is the great range of the watershed, 
which Tscherski terms the ridge of Verkhoutnsh (7,700 feet, about 2,340 
meters) ; it extends to that uppermost branch of the Indigirka, flowing from 
the east-south-east, to which the maps have often erroneously assigned the 
name of Oimekon. On the other side of the Indigirka follows the range 
of Tim Kjjdabyt (fi,800 feet, 2,075 meters) ; it is continued towards the 
north-west in a flat ridge about 1,580-1,600 meters in height ; the north 
slope is almost rectilinear and descends steeply to the Nera. The third 
range is the Uluclian Tskidai (over 7,200 feet, 2,200 meters) ; it is al;)Out 
100 versts broad, and at a height of as much as 6,200 feet (1,828 meters) 
presents a valley 7 kilometers in breadth surrounded by lofty summits. 
From this valley the upper course of the Nera flows towarrls the south- 
south-west until it meets the Kven Ulach coming in the same direction 
from the Tass-Kystabyt, and, uniting with this stream it turns towards the 
north-west. The range leaches its greatest height in its nortli-castern part ; 
it terminates on the Sloma, the Boi'oll Ulach, a tributary of the Moma, and 
the rocky valley of the Kygyl-Balyktacli. On the other side of these rivers 
Eollows the Tomics-Chaya (7,900 feet, 2,41 1 meters, 90 kilometers in breadtli) ; 
its northern end turns round to the north-east ; in lat. 65 ' 5rf N. its licight 
suildeiily decreases. On the other side of the Tomus-Cliaya the valley of 
the Kolyma broadens out; and where it does so lies Verkhne-Kolyinsk. 

The form of tlieso ranges does not accord with the strike of the rocks. 
The rocks fall into two principal series ; the first includes Palaeozoic lime- 
stone, slate, and grey wacke : the next, sandstone and shales containing 
T^exuloiaoiioth ovhotua, often plant-remains as well ; it is accompanied and 
invaded by great bands of eruptive rock. 

From the Aldan (uiwards the outer border of the mountains presemts 
plant-bearing beds (Y/ lig. 27), either Neogene or belonging to the Volga 
stage, folded with a strike to the north-north-east, that is, at right angles 
to the waterslied. Then follows a great oblique syucHne striking N. KF- 
If)** E., and composed of limestone with Favosites and Halysites ; it is 
steeply upturned towards the east, and there reveals a lower-lj^ing Palaeo- 
55oic slate. Upon this rests in discordance a great thickness of Trias (a, fig. 27) 
striking N. 10''-20° E. The watershed between the Dyby and Kcrachtaeh, 
that is between the Lena and Indigirka, is formed by a range of eruptive 
l ock (1,878 meters) rising from the Trias shales. The strike of the Trias to 

^ Cf. Maydcll, IJeber die Taryne, Reisen und Forschungeii, II, pp. 1-33. 
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the north-north-east is maintained thronghout the course of the upper 

Suantar as far as the little river of Oenii, 
which flows into tlie Tomskaia, another 
]»ranch of the Suantar. Here (fe, fig. 27) an 
opposite inclination of the beds sets in ; the 
strike hecoynes exist •‘north-east, and this direc- 
tion is maintained as far as the Indigirka. 

The strike of the folds from the Aldan 
to the Suantar is thus north -north-east, and 
thence onwards east-north-east, or in other 
words : the strike />/ the Aldan range is von- 
tinued up to the Suantar, inhere it encounters 
the strike of the are of Verkhoiansk. 

Tass-Kystai>yt lies wholly within the 
Trias, and in its neigldiourhood the greatest 
intrusions of eruptive rock occur. One of 
these was followed hy the travellers along the 
upper tributaries of the In<ligirka for a dis- 
tance of 42 kilometers, and an (jrjually im- 
portant ridge occurs on the slope turned 
towards the Nora. Parallel folds of Trias 
•shales form the next succeeding slope of the 
Ulachan Tshistai; tlie strike is still east- 
north-east; after a short diversion to the 
north it becomes east and west on the upper 
Artyk, and then regularly west-north-west in 
the Eoroll Ulach ; the dip is generally towards 
the north. Intrusions of granite occur. A 
second Palaeozoic band of greater thickness 
now makes its appearance, forming the high 
peaks of the Boroll Ulach, and of the Kygyl- 
Balyktach; it strikes, like tlie Trias, to the 
west-north-west, and occupies the whole of 
the south-west half of the Tomus Chaya. 
In general, the structure is that of a saddle, 
about 90 kilometers broad, but here, too, an 
intercalation of eruptive rock, 24 kilometers 
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Fig. 27. Thp, mountains of Verkhmansk between 
AMan and Indlgirlia (section from we«t to east). 
Tacheriiki.) Pal * Silii rian ; T « Trias ; £ » eruptive 

rock ; N « leaf-boar ing Noog»>no ? or Volga stage ; Q ** 
cent alluvial land. a, unconformablo bedding of T on 
Pal ; change of liitrikein T. The heights (English h ot) 
refer to the L<‘na above Yakutsk ( w2i4 feet above 
level). 
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in breadth, sets in on the north-east side. Further away, but always 
with the same strike to the wcst-noi'th-w^est, Palaeozoic folds rise out of the 
Trias. Trias also forms the mountains at a still greater distance, until 
tinally, as we approach Verkhne-Kolym.sk, more recent sediments appear 
with leaves of dicotyledonous plants and beds of lignite, 

Tscherski started with tlie older view that the Aldan range and the 
Kolyma range were continuations of the Stanovoi, l)ent in an elbow near 
the sources of tlie Okhota. He perceived, however, that the two Palaeozoic 
zones striking in opposite directions, north-north-east on the Chaiulyga 
and west-north-west on the Kygyl- Balyk tach, follow tlio same directions 
as the two limbs of the elbow on the upper Okhota, and lie regarded them 



as liorsts of an older mountain system. The situation is more simply 
<?xplained by supposing, as suggested above, that those piirts of the moan..- 
taiiiH nhich strike to the north- north-east still helontj to the Alda. ii range. 
This range Mrould tlien also include the Suautar Chayata. In any case, 
the region from Suantar to Verkhiie-Kolymsk follows the normal strike 
the arc of Verkhoiansk. Tlie unconformity at the base of the Trias 
'vViich occurs both in the north and .south reveals a similar, older plan ; the 
younger folding i.s continued, as on the low'er Lena, at Ie?ist into the Volga 
f^tage; in this region also no gneiss nor pre-Palaeozoic schists have been 
’net with. 
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We have already pointed out (III, p. l!25) that a bend ina-de by the 
mountains near Okhotsk from a north-north-east into a north direction, 
such as is shown on the maps, cannot be inferred from the strike of the 
rocks. Erman crossed the mountains, travelling from the Furth along 
the Aldan (Aldanskij Perewoss) to Okhotsk, and in this region and as far 
as the Marekanka (east of Okhotsk) encountered rocks striking constantly 
to the north-north-east. In order to compare his observations (III, p. 1 24) 
with those of Tscherski, the data given in MaydelPs map have been trans- 
ferred to Tscherski s map (pi. II), on which Erman’s route has also been 
marked 

On the Aldan Erman saw sandstone and clay, the same, he supposed, as 
that in which Sauer, Billing's companion, observed fossil tree-trunks ; it is 
probably the continuation of the beds marked N ? on fig. 27. Up the Bielaya 
through Gastarnach to the Sem Khrebti the range is formed of limestone ; 
its north-north-easterly strike shows its correspondence with Tscherski's 
Palaeozoic limestone on the Chandyga and the upper Dyby. The Sem 
Khrebti consist, as far as Allach-junsk, of light grey clay slates with 
a talcose lustre, dipping steeply to the south-west ; the lie would correspond 
with that of the lower Palaeozoic slates west of a. Some dark clay slates 
on the east side of the Allach-juna, pthanites with traces of Equisetum 
above Antsha, and a craggy eruptive rock, believed to be phonolite, may 
then represent the Trias zone with its plant-remains and eruptive rock up 
to the change in strike between the rivers Suantar and Ocmi ; hero the 
north-north-easterly strike of the Aldan mountains terminates on the line 
followed by Tscherski (ft, fig. 27). On Erman \s route, however, other zones 
succeed, striking to the north-north-east : the first of these is composed of 
sandstone, conglomerate, and grey wacke. This zone includes the Kapitans- 
berg, and extends across the sources of the Judoma to the upper Ketan<la, 
where Erman reached a broad zone of porphyry, which comprises the greater 
pai’t of the Ketanda, and also a large part of the Arka, Okhota, and Kuchtui. 
We have already seen that Bogdanowitscli came upon more recent rocks 
and also andesitic rocks in these regions. 

Si^ice the strike to the north-north-east 'prevails in oil the mountains to 
the south and west of the v:atershed between the Suantar and the Oewi, and 
also as far as the great Marekayiku, this region must he assigned^ in a tevtonic 
sense^ to the Aldan range. 

Kolyma. From the mouth of the Indigirka to that of the Kolyma no 
hard rocks are known on the coast of the Arctic Ocean ; a few promontories 
reach a height of over 20 meters ; according to Kosmin they consist only 
of grey loam. It is not until we reiich the Bear islands, outside the 
Kolyma, that the conditions change^. 

^ Erman, Reise um die Erde, III, p. 

* Kosmin in Wrangell, Reise l^ngs der Nordk(istc, &c*, If, p. 32 efc seq# 
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The west bank of this river is formed by a broad plain as far as 
Sredne-Kolymsk and beyond ; the right bank is rocky. On this side the 
Kolyma receives, between lats. 68'’ and 69*" N., first the Omolon, and then, 
after a great bend, tlie Great and Little Anuj. Between the latter and the 
Arctic Ocean lies a considerable group of mountains. Its south-west part 
is the most important; in the White niounUdnH it reaches, according to 
Wrangell, a height of 764 meters. The river Poginden, flowing from the 
north into the Little Anuj, bounds the White liiountains on the east. Its 
spurs extend acroSvS the great Baranycha as far as Chaun bay. 

As early as 1797 Billings observ’^ed heights formed of schist and quartz 
north of Nishne-Kolymsk on the margin of the Arctic Ocean, and Wrangell 
mentions similar outcrops along the lower Kolyma. On the Little Anuj 
and lower Poginden, between about lats. 68“ and 68° 36' N., and long. 165“~ 
166“ E., these rocks strike between N.E. and N. 80® E. ; they are here 
accompanied by conglomerate, as is the ease with the Trias shales near the 
sources of tlie Kolyma. On the lower Baranycha, on the other hand, 
between about lat. 68“ 34' and 69“ 9' N., similar shales with beds of con- 
glomerate sti-ike N. 30'^ W. According to these ancient observations the 
fionnal strike of Verkhoiansk ap 2 >eurs to tennlnute at the sources of the 
]* 0 (jlnden. The watershed is formed of conglomerate. These two regions 
furnish an identical ‘ transition greenstone'. The promontory of the Great 
Baranow, corresponding to the prolongation of the outcrops on the lower 
liarariycha, is formed by two rocky ridges of schist and light-coloured 
granite striking to the west-north-west ; the Little Baranow and the Bear 
islands consist of similar rockb 

We receive the impression that the advance of the rocky bank on the east 
side of the lower Kolyma, that is of the two promontories of Baranow along 
with the Bear islands, really co7Tesponds to the rias coast of a mountain 
ramje strikiny to the no7'th-tmst or ^vest-north-west, and cat off obliquely 
by the arc of Veidchoiansk, We shall see directly that Bogdanowitsch 
arrived at a similar result. 

On the Beresovka, which flows into the Kolyma below Sredne-Kolymsk, 
porpliyry and diabase are recorded by Tolmatschew 

This is all the information w^e possess concerning the structure of the 
arc of Verkhoiansk. It confirms the statement that no pre- Palaeozoic rock 
has hitherto been met with, and that the heights between the mouths of 
the Lena and Olenek are the free ends of the arc. On the other hand, an 
ijuportant point is left undecided. In 1898 I assumed, on the analogy of 

’ M. Sauer, Dilling's Reiso nach Sibiricn, &c., 8vo, Berlin and Hamburg, 1803, p, 79 ; 
Wnuigell’s Reiso, II, pp. 122-124, Poginden, II, pp. 118 119 ; Baranicha, II, pp. 102-^107, 
baranow Mountains, I, p. 302 ; Bear islands, II, p, 143 ; Transition greenstone. 

* J. P. Tolmatschew, Bodcncis am Flusse Beresowka, Berichte der kaiserlich- 
iufisischen Akademie der Wissenschafton aur Ausgmbuiig eines am Flusse Beresowka 
geiundenen Mammuths, 4to, St. Petersburg, 1903. 
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the structure of many Asiatic arcs» that the folding of this arc is directc^d 
towards the ext-erior, that is towards the convex side ; shortly afterwards 
Baron von Toll expressed the opinion that the lie of the folds suggests a 
movement towards the interior, that is towards the concave side. Although 
Emerson and Bogdanowitsch regard my first opinion as correct, I now 
adopt the conclusion of this experienced investigator who has crossed the 
range l)y several different routes 

Penfihina. Of the little-known ranges which border the sea of Okhotsk 
on tlie north some account is furnished by Sljunin. It appears, in the first 
place, that in front of the Kolyma range, that is, the watershed of the 
Kolyma, an independent range extends towards tlie sea, which Sljunin 
describes as the IMorskij Khrcbet (the Ltike mountains) ; it will be termed 
here, in order to avoid confusion, the Kava mnge ^. 

The Kolyma range is, as wo have seen, distinct from the Aldan range, 
which is divided into long rocky ridges, and it is more like the border 
of an extensive plateau. The rivers, which flow^ towards the south and 
south-east, have excavated deep and narrow valleys ; but if we ascend one 
of these valleys to the summit, we find ourselves on a high-lying tundra- 
like region, and observe that many of these rivers arise in lakes or 
marshes. 

Some of the marshes drain on one side to the sea of Okhotsk, and on 
the other to tlie Kolyma^. Sljunin describes the heights as a continuation 
of the plateau of Oimekon ; to the east, towards Ghishiga, he came upon 
diorite and diabase in its spurs. So far as it is permissilile to draw conclu- 
sions from such observations, we may conjecture that the Trias clay-slates 
with diabase, which occupy the space, 4?00 kilometers in breadth, between 
the Suantar and Boroll Ulacli, aiul are so wddely distributed along the 
Kolyma, also play the most important part in the formation of the Kolyma 
range. 

To the east of Okhotsk and the river Inja the little cape of Shilkati 
makes its approacli near long. 145'' 30' E. ; it marks the beginning of the 
Kava range (pb II). To the east of this point the river Kava flows <lown 
from the Kolyma range in a north-and-soiith direction ; bends, at a right 
angle, to the east, and separates the Kolyma from the forelying Kava range 
by a considerable longitudinal valley wdiich extends as far as the point 
where the river enters the bay of Tauii. The Kava range is continued with 

» Asymmetrie dor nordlichen Ualbku^rel, Sitzb. k. Akad. Wise. Wien, 1898, Vlb p. 90; 
E. von Toll, Geological Sketch, p. 16 ; Suess in B. C. Emerson, The tetrahedral Earth, 
Bull. Am. Geol. Soc., 1900, XI, note to p. 97 ; Bogdanowitsch, Skizze der Tschutschkcn- 
llalbinsel, 1901, p, 142, note. 

^ H. W. Sljunin, The Land of Okhotsk and Kamchatka, 2 vols., 8vo, St. Petersh., 1900, 
map, in particular I, p. 169 ot seq. (in Russian), 

* Maydell, Reisen und Forschungen, If, p. 368 et seq. ; also K. Hikiach, Orographinchc 
Skizze von Neu-Sibirien, Sapiski Imp. ross. Geogr. Obsch., 1897, XXXI, p. 38 et seq. 
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tin easterly direction in several islands through the bay of Taun, and it 
forms the promontory which plunges beneath the sea tov^ards the east, 
in the Jam islands. On the south side of this peninsula Sljunin met with 
petroleum elsewhere he came across a hot spring, some bods with lignite, 
and others with impressions of fish and shells; on cape Iret (about 
long. 155® 3(y E.) ho found graphite, and on the east end of the peninsula 
loo>se nodules of chalcedony, such as are scattered on the opposite coast 
of Kamchatka, indicating far and wide the -presence of disintegrated 
amygdaloid basalt. 

Finally, further to the nortli-east outside the Kava range, where the 
Kolyma range recedes further from the sea than is shown on the maps, 
Sljunin describes a group of recent volcanic centres near the sources of the 
stream of Kalalagi (long. 157° 30' E.). Pumice and sulphur are mentioned 
as occurring in the neighbouring vallej^s^. 

None of these occurrences are known in the Oimekon plateau or the 
Kolyma range ; they indicate a correspondence with the coast of Kamchatka 
and parts of the peninsula of Taigonoss to be mentioned directly, and in a 
less degree also with the andesitic features which Bogdanowitsch mentions 
on the Marokanka near Okhotsk. On the promontory of Warchalam (lat. 
51° 36' N.) in the interior of Ghishiga bay we reach rocks of another 
kind. Here, in the north*eastern arm of the sea of Okhotsk, a number 
of hilly ranges occur of no considerable height or length, and all directed 
to the north-north-east, in which granite, syenite, gneiss, mica — schist, and 
clay slates are said to occur'*. The Rnman range situated west of 
Penshina bay is the first of these ; it consists of low hills and terminates 
at cape Barchalam. The second is the Taigonoss range, which runs down 
tlie peninsula on its eastern side. The next is the Tnnaichat range, it 
strikes for some distance towards tlie interior, west of the lower course 
of the Penshina. Finally, there is the Mametshi range, which borders the 
cast side of Penshina bay, and thus separates the tributaries of the Great 
lake (Bolshoe Osero) from the sea. The lake discharges to the north of 
Ihis range through the Talofka, The interval between these ranges and 
the sea is occupied by the tundra, and wherever the foundation of the peat 
tuogs is exposed, either on the sea coast or along the rivers, Tertiary beds 
are revealed, characterized sometimes by sea-shells and sometimes by brown 
t oal. In most places they are accompanied by basaltic tuff, and by inter- 

' This is the only way in which I can explain a passage in I, p. 120. 

H, W. Sljunin, The Land of Okhotsk and Kamchatka, I, p. 114. 

' C. von Ditmar, Ein paar erliiuterndo Worte zur geognostischen Karte Kamtschatka's, 
Ihill. phys. math. Acad. Imp. Sci. Sain t-Petersb., 1856, XIV, pp. 241-250, map ; Reisen und 
Anfonthalt in Kamtschatka, Beitrage zur Kenntniss des russischen Reiches, 1890, 3. scr., 
^'If. pp. 460-676, in particular p. 515 ; Sljunin, 1, p. 121 et seq. ; Bogdanowitsch, Geolo- 
Skizze von Kamtschatka, Peterm. Mitth., 1904, p. 59 et seq., maps. 
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(?alation.s of basalt and trachyte. This is the aise at Mamctsha, along the 
Talofka on the east side of Pcnsliina bay, and on both sides of Ghishiga 
bay. Dull Inis referred the shells of Coal bay (lat. 60'^ 17' N., long. 161° 55' E.) 
to the Miocene ; they present sub-tropical characters 

Kamchatka and the Kuriles. We now retum to our previous account 
of this region (II, p. 170) with the object of tracing out such indications as 
exist of a continuation towards the Anadyr, and also in order to insert 
a general observation arising out of a new and important description of 
Kamchatka by Bogdanowitsch 

On the coasts of the island of Karagu (lat. 58° 30' to 50° 12' N.) inclined 
Tertiaiy beds occur wdiich strike to the north-east. The interior of the 
island, over 600 meters in height, is unknown \ 

Although mount Shevelutsh (lat. 56° 40' N.) is tlui most northerly peak 
of the principal zone of volcanos, yet traces of volcanic activity are to be 
seen much further north, and hot springs reveal their presence amidst the 
snow even in those places where the marshes render travelling impracticable 
in summer, and a covering of snow conceals the land in winter. Sljunin 
gives a list of these springs which carries them as far north as lat. 59° N. ; 
they are also knowui on the Tamlat (lat. 59° 25' N.). The same observer 
mentions sulpliur as occurring in beds in Jaigwyn ^)ay (west of Korff bay, 
lat. 60° N.), and Ditmar obtained accounts of hot springs in the peninsula 
of Olutor (lat. 60° to 60° 30' N.) ^ 

Beyond lat. 60° N. Kamchatka loses its mountains and a broad tundra 
fonns the land. The inhabitants of Olutor state that it extends from 
Kultushnoje (at the head of KorfF bay) across level country up to the Talofka 
and the sea of Okhotsk 


^ W, H. Dali, Subtropical Miocene Fauna in Arctic Siberia, Froc. U.S. Nat. Mus., 1893, 
XVI, pp. 471-478 ; also Krahmer, RussJand in Asien, 8vo, Berlin, 1902, V, p. 73, map. 

* K. Bogdanowitscli, Peterin. Mitth,, 1904, p. 59 et seq. ; lor the volcanos of the west, 
W. N. Tjuschow, The West Coast of Kamchatka, Jzvestija Imp. ross. Geogr. Obseb., 1906, 
XXXVII, 520 pp., map (in Russian), and Bogdanowitsch, ibid., Preface, p. ix. 

® Postels in Ltitke, III, jjp. 91-94; a map of the island is given by Barrett-Hamilton 
and Jones, A Visit to Karaginski Island, Geogr. Journ., 1898, XII, p. 281. 

* H. W. Sljunin, The Land of Okhotsk and Kamchatka (in Russian), I, pj). 184, 209; 
C.v. Ditmar, Reisen und Aufentlialt in Kamtschatka, Beitrage zur Kenntniss des russischen 
Reiches, 1890, 3. Ser., VII, pp. 670, 795 ; Eiman, Reise uin die Erde, I, 3, p. 376. Tin* 
latter mentions sulphur, as a sublimation, on the river Tamlat, and to the north of it 
on the mountain of Olotur. An illustration of the outcrops on Kortf bay, or rather of 
the snow covering upon them, is given in Vanderlipp-Hnlbert, In Search of a Siberian 
Klondyke, 8vo, New York, 1903, p. 244. From the description avc should suppose that 
the crater of a flat volcanic cone occurs here, 

® Ditmar, Reisen und Aufenthalt in Kamtschatka, Beitrage zur Kenntniss de.s russischen 
Reiches, 1890, 3. Ser., VII, p. 670. Sljunin certainly marks several mountain ranges? 
north of lat. 60"* N., but since be has carefully marked the routes followed by himself, 
we see that it can only be a question of waterKheds, which were entered on the old 
maps in the usual diagrammatic fashion. 
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This brings us to the plain of the Panqxjlaki DoL It begins in about 
lat, 60° N., dose to the west coast of Kamchatka, is bounded there on the 
oast by the most northerly part of the mountains, includes the Great lake, 
is separated on the west by the ridge of Mamctshi from Penshina bay, and 
then broadens out and reaches as far as Bering sea. Tin’s is tlie ^Peat-sea \ 
Maydell, travelling from Markovo (Anadyrsk) towai'ds Ghishiga, crossed 
only low spurs of the Kolyma range; Kennan found nothing but a low 
watershed between the Penshina and the Main, the great tributary of the 
right side of the Anadyr h From this line eastwards as far as the sea 
no continuous mountain range is known to exist — at least there are 
t}‘Ustworthy accounts of any such range known to me. It is true that the 
promontories of Navarin and St. Thaddeus are rocky and of considerable 
height, but it is possible that they are of the same nature «as those isolate^! 
volcanic hills of the Tertiary land, which are of frequent occurrence in 
these northern regions. 

A single exception is presented by the hilly range of Palpal, which has 
scarcely been visited as yet by any investigator. It is surrounded by a broad 
bond of the river Main. The glaciated boulders, which come down from its 
northern slope into the plain of the Anadyr, consist, according to Bogda- 
nowitsch, of rnicrocline granite, quartz porphyry, syenite, augitc porphyry, 
and other rocks. The plain, in this case also, is formed of Tertiary beds 
with brown coal. On both sides of the liman” of the Anadyr rise hills 
of basalt and andesite. Similar rocks form the island of Aljumka (sarco- 
phagus), On the south of the liman clay-slates are visible 

Whether or not the mountains on Holy Cross bay must also l>e assigned 
to this zone will be discussed later. 

The Tertiary deposits, interspersed in many places with volcanic 
products, extend, probably without interruption, from the sea of Okhotsk 
to the Palpal hills and the Anadyr. A broad connecting region extends 
between the sea of Okhotsk and Bering sea. These Tertiary dej)osits, 
where they occur in Coal bay, are, as already mentioned, regarded by Dali 
as Miocene; a later date is assigned by Schmidt and Bogdanowitsch to 
similar sediments on the west coast of Kamchatka. In many localities 
the occurrence of folding is recorded. 

Let us now return to Kamchatka. 

The important additions made by Bogdanowitsch to our knowledge of 
this peninsula indicate in general the same main features as those described 

’ Baron 0 . Maydell, Reisen und Forschungen iin Jakutskischen Gebiefce Ost-Sibirien’s. 
II, in Beitriige zur Kenntniss des nissiscben Reiches, 189G, 4. Ser., vol. II, p. 374 ; 
b. Kennan, Zeltleben in Sibirien, Ger. ed., p. 258. According to this work it should be 
possible to obtain a waterway for almost the whole distance between Bering sea and 
the sea of Okhotsk, 

I A * liman ’ is the lagoon or bay behind a coastal bar.] 

* Bogdanowitsch, Skizze der Tschutschken-Halbinsel, pp. 139, 140, note. 
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previously on the basis o£ Ernian and Ditmar’s observations, but a much 
greater importance is assigned to the volcanos in the interior, so that the short 
volcanic line on the west coast (II, p. 1H4) becomes relatively insignificant, as 
indeed was shown by Tjuschow s account. Looked at l)roadly, Kamchatka 
presents us first with an ancient cordillera, traversed by granite and porphyry 
and crowned by numerous volcanos ; tlio cordillera and the volcanos alike 
adapt themselves to the north-east or north-north-east strike, wherever any 
definite direction is to be discovered ; then, along the east coast, comes 
a main line of volcanovs, in front of which lie some fragments of the 
cordillera next the sea. The volcanos in the interior are frequently 
characterized by crater lakes, but at the present day all volcanic activity, 
apai*t from the hot springs of the interior, is confined exclusively to the 
princijxil Ihi? of the east. It is this line alone which is continued into the 
Kuriles. From mount Shovelutsh (lat. 56® 40' N.) to Hokkaido, that is 
over a distance of more than 13 degrees of latitude, there arc 28 smoking 
cones as counted by the older observers. This list is incomplete, especially 
as regards the Kuriles. Bogdanowitsch regards the volcanos of this 
principal line in Kamchatka as more recent on the whole than those of 
the interior, and points to the lower hypsometric position of their eruptive 
centres. Be this as it may, there is an unmistakable shifting of the volcanic 
activity outnmrls tovxmls this arcuate principal line. 

We shall see that a similar displacement is in progress in the Alaskides. 
But at the same time we m<ay observe that the arc of V'erkhoiansk possesses 
no volcanic mountains with the exception of some basalt bosses on the 
Arctic Ocean, and that this great volcanic line includes all the volcanos 
situated near the outer border of the great virgation of the Anadyrides, 
and at the same time all the active volcanos of the entire reirion. 

A long foredeep bounds the arc. Outside the Kuriles it sinks, as already 
mentioned, to —8,513 meters. 


2. Alaskides, 

The long folded ranges, which border the Pacific coast of America, are 
joined on the north-west by the group of the Alaskides in a sharply-marked 
syntaxis (II, p. 196) b 

’ Grewingk, in the first connected description of this region (11, p. 196, note 1), termed 
the \tenms\i\ii Alaeska ; later Russian investigators wrote Aljtiska; under A)uorican influ- 
<?nce the form Alaska has been exclusively adopted. Such alterations do not give rise 
to any difficulty ; on the other hand, the name of Chugatsk bay, i. e. bay of Chug, has 
been retained in this work, although English and American maps use the name Prince 
William Sound and only use that of Chugatch for the lofty mountains to the north of 
the sound and an island at the south-west end of Kenai. The name has been transferred 
by mistake to the bay of Katshemak on the 80uth->yest coast of Kenai; cf. Dali. U.S. 
Geol. Surv. Aivn. Rep,, XVII, I, p. 789. Kakal means river, thus we do not write the river 
Melozikakat, but river Melozi; M. Baker, Alaskan Geographical Names, Ann. Rep., XXf, 
2, p. 497. 
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The syntaxis is completed within a zone which extends between the 
meridians of 146"* and 147** W., from the region of Chugatsk bay and the 
adjacent Copper river as far as the Arctic Ocean. The folded ranges of 
tlie Alaskides on the west of this zone strike towards the north-east, and 
those of northern Canada, situated on the cast, strike towards the nortli- 
west. This contrast in direction was already observed by Crewingk. The 
tectonic homology between the Indian tableland and the north<irn part of 
the Pacific Ocean, which both play the part of forelands, has already been 
mentioned (I, p. 462). A similar homology is presented by the Karoo 
(IV, p. 286). Thanks to the arduous labours of American geologists we 
are now in possession of much more precise information as regards the 
syntaxis. Brooks at once perceived that all the more important chains of 
the interior undergo the same change of direction as is seen on the south 
coast, where it amounts to nearly a right angle. Four degrees of latitude 
north of this point Peters and Brooks observed the encounter, on the Chena, 
of the great Alaska range, striking north-east, with the Canadian gneiss 
ranges striking north-west^. 

When the syntaxis on the Jhelam Wiis first described, distinguished 
Indian geologists admitted the con^ectness of tlie facts, for the most part 
determined by theinsblves, l)ut they refused to regard the bend in the 
strike as a principal boundary, in tliis case the boundary between the 
Himalaya and the Iranian arc. They pointed to the complete corre- 
spondence of tlie outer, Tertiary chains (I, pi. IV), and the resemblance 
hetween the structure of the chains of Hazara and Kabul and that of the 
chains situatetl to the east of the Jhelam. This iHfference of opinion is 
fundamental. If wo regard the stratified succession and nature of the 
rocks as determining the co-ordination of mountain chains, then tlie second 
interpretation may frequently be maintained. But when it is a question 
(d* determining the forces which have built up the mountains, then these 
characters take the second place, and the direction in which the tectonic 
forces have found expression will be decisive. Every syntaxis reveals 
a local opposition between two dynamic influences. It is for that reason 
that it forms a boundary. For that reason also no name given to 
a mountain chain should be carried on beyond a syntaxis. 

In the syntaxis of Chugatsk, on its southern side, the mutual corre- 
spondence in the structure of the vSyntactic cliains is just as great as on the 
dhelam. Many a zone may be clearly traced from one side of the re-entrant 
angle to the other, and a train of recent volcanos follows the bend, a unique 
phenomenon, not to be found anywhere else on the face of the globe. 
Under these circumstances it is easy to see why the classification afforded by 

* A. H. Brooks, Maps and Descriptions of Routes of Exploration in Alaska in 1898, 
fi.8. Gcol. Surv,, 1899, 8vo, maps, p. 85; J. Peter and A. 11. Brooks, Report on the White 
Hiver-Tanana Expedition, tom. cit., p. 69. 
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a study of the United States and west Canada, and with it the names of the 
orographic subdivisions, should have been transferred to the Alaskides. 

In the masterly account of the physical features of Alaska with which 
Brooks has enriclied our science, the term ^ llocky-wountain system' is 
applied, not only to the Rocky mountains of Canada and the Mackenzie, 
but to the wliole of the Arctic branch of the Alaskitlea which possess 
a ditferent direction and reach the Arctic Ocean north of Bering strait. In 
the same way the 'Cenind Plateau m/Ion' is made to include the whole 
basin of the Yukon and tlie Kuskokviin Jis far as Bristol bay, and the 
' Pacific mmntain-system ' embraces not only the west coast of Canada and 
Cliugatsk bay, but also the great Alaska range and the Aleutian islands b 

For us the Alaskides form a tectonic unit, which is continued from the 
syntaxis across the Bering sea to Asia. Amatignak, the most southerly island 
of the Aleutian group, lies in lat. ST 25' N.,and cape Barrow in lat. 7V 18' N. 
For the whole of this distance, or at least as far as capo Lisburne and beyond 
lat. 69** N., the coast of Bering sea presents the appearance of a submerged 
virgation. Shelikof strait, with Cook inlet, Bristol bay, Norton sound, 
and Kotzebue sound are the characteristic embaymeuts of this coast, and 
their divergent directions reveal some of the trend-lines of the virgation. 
Cook inlet opens towards the south-west, and KotJ^Jobut) sound, although 
not in accordance with tlie structure of those parts, towards the north-west. 
The first mountain arc extends from Chugatsk bay through eastern 
Kenai, Kadiak, and some islands off the coast. The Alaska range, bearing 
the highest summits of North America, begins on tlie Tanana, and finds its 
tectonic continuation in the peninsula of Alaska. North of Bristol bay 
the end of the Kuskokviin range advances in cape Newenham. Between 
lat. 61 30' and N. older rocks reach the sea. This is also the case 
north of lat. 63°, where they probably represent the emd of the Kaiyub 
mountains. Then the l)road Seward peninsula advances, recalling by 
its form the Chukcham peninsula, which is also of great breadth, but 
distinguished by many characters from the long branches of thc^virgation, 
and rather re.senib]ing a foreign body inserted between them. North of 
Kotzebue sound the outrunners of the Arctic branch of the Alaskides reach 
the coast ; they also form cape Lisburne. 

All these arcs have a similar orientation, which i.s most sharply marked 
in the volcanic line of the Aleutian islands. All begin in the east and 
decrease in height towards the west. As in the Anadyrides the active 
volcanos are confined to a single line. 

^ A. H. Brooks, The Geography and Geology of Alaska, with a Section on Climate by 
C. Abbe, jr., and a topographical Map and Description thereof by R. U. Goode, U.S. 
Geol. Surv. Professional Papers, no. 45, 1906, 327 pp., maps. For certain trend-lines, 
compare also A. Spencer, Mountain System of British Columbia and Alaska, Bull. Am. 
Geol. Soc., 1904, XV, pp. 117-132, map. 
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In front of the Aleutian islands and the arc of Kcnai there lies a fore- 
deep in which —7,319 meters, and in the extreme west —7,383 meters 
have been sounded. Towards the north, however, from Bristol bay to 
about long, 165° W. the sea is Cjuite shallow. At the pass of Unimak or 
the island of Akutan a declivity begins which runs obliquely across Bering 
sea towards the north-west ; gentle at first, it becomes steep as it passes 
south of the Pribilof islands. South-west of this group of islands, in 
long. 172° W., and scarcely 20 kilometers distant from them, the depth 
increases from — 128 meters to —2,972 meters. This declivity runs in the 
direction of cape Navarin, but does not reach it ; it appears to flatten out 
on the Asiatic coast, which it accompanies for some distance. The deepest 
place in the communication of Bering sea with the Pacific Ocean lies east 
of the Commander islands. 

Bering sea is in fact divided into two sharply-separated parts, one lying 
to the south-west, in which depths of 3,900 meters occur, the other to the 
north-east in which depths of 130 to 140 meters are only reached near the 
margin, but eLsewhere depths of less than 70 meters, or even less than 
30 meters, prevail. A great plateau, covered l)y tliese comparatively 
shallow waters, extends from tlie boundary mentioned al)ove, that is, the 
pass of Unimak, south of the Pribilof islands, and off cape Navarin, far 
northwards into the Arctic Ocean. Even in the latitude between cape 
Barrow and Wrangell Land (lat. 71° 30' N.) the deepest of the numerous 
soundings gives oidy —58-4 meters. 

The Aleutian islands to the west of the pass of Unimak must thus bo 
regarded as the summits of a long, fairly narrow, and extremely steep ridge, 
hut those to the cast of Unimak as the elevated border of a plateau which 
descends on the south to great depths. This plateau is the continuation 
of the substructure of the adjacent Arctic Ocean. 

A considerable part of the west coast of Alaska, particularly between 
lats. 64'' 30' and 59'' 30' N., is formed either by Tiu'tiary beds, often 
accompanied by basalt, or by the vast alluvial land of the Yukon, which 
extends down to the sea. The great island of Xunivok (lat. 60*' N.) consists, 
according to Dali, of almost horizontal Tertiary sandstone, covered by 
basaltic lavas K The neighbouring coast presents the same structure aiul 
composition, according to Dawsou, although cape Vancouver probaldy 
reaches a lieight of 300 to 450 meters^. The Pribilof group also, accord- 
ing to Stanley-Brown, is basaltic, with traces of marine Tertiary beds 


‘ W. II. Dali and G. D. Harris. Correlation Papers, Neocene, Bull. U.8. Oeol. Surv., 
no. 84, 1892, p. 245. 

* J. M. Dawson, Geological Notes on some of the Coasts ami Islnmls of Bering 8ea and 
Vicinity, Bull. Am. Geol. Soc., 1894, V, p. 134 ; ibid, Nunivak. p. 133. 

* J. M. Dawson, Geological Notes, pp. 135-138 ; Emerson in HaiTiinan, Alaska Expedi- 
tion, IV, 1904, pp. 32 3vS, 
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Hall and St. Matthew islands, consist of lavas of difierent age ; in St. 
Matthew porphyrites, tonalite, and aplite are said to occur, and porphyritic 
rocks form Pmnacle island, which rises close by to a great height and has 
been erroneously regarded as a volcano 

In the south-east part of Bering sea no submarine continuation is 
known, such as might be foruied by the Kuskokvim chain for example ; 
beyond cape Newenham everything is buried beneath the sediments of 
the plateau, and in the Pribilof islands the Tertiary beds with their 
basalts extend nearly^ to the edge of the declivity^ 

The range presents two striking interruptions. One of these is the 
plateau of the Copper river, situated on the zone of syntaxis between 
lats. 62'" and 63*’ N. ; it is a low-lying, more or less circular fragment 
of land, which is surmounted on the cast by the great recent volcanos of 
the Wrangell group. The western border of this group is bounded in 
a regular arc hy the Copper river, and on tlie other side of the river the 
plateau is covered up to the foot of the surrounding mountain range by 
tlie ashes and scoria of the Wrangell volcanos (fig. 33). The second break 
in the range is of another kind ; it is caused l)y the Yukon Flats, a vast 
and ancient lake bottom, \vhich includes the low’er Porcupine river and the 
bend of the Yukon ; near Circle City (not far from hit. 05*" 30' N.), the 
Yukon, and in about lat. 67" N., the Porcupine river, enter this plain ; 
near Fort Hamlin (long. 149° W.) the Yukon emerges from it. Its form is 
that of an irregular triangle with an enlargement towards the south-east. 
On its soutliern borders lie rich gold-placers. Spurr lias given a faithful 
description of it 

All accounts agree in affirming that the land about the Yukon has not 
been subjected to a general glaciation. The northern limit of the con- 
tinuous ice slieet may'' i)erhaps be taken as about hit. GP' 50' N. on the 
Lewes river, just above the mouth of the Big Salmon river, and lat. 62“ 
30' N., to the north of tlie Alaska range (long. 150° W.). From this point 
onwards the valleys arc narrower and terraced, until further north an 
independent region of local glaciation surrounds tlio Arctic branch of tin* 
virgation. 

The Rf/mcmzov ranye. In 1826 Franklin observed between long. 140° 
and 146° W. several mountains near the Arctic coast, to which the names 
Buckland, Richardson, liomanzov, and PVanklin mountains have been given. 
At that time it was supposed that these mountains, striking to the north- 
west, rose in coulisses one behind the other, .so that the Franklin mountains 


^ Stanley-Brown, Note on Pribiloff-Islands, Bull. Am. Geol. Soc., 1892, III, pp. 496 - 
oOO ; B. K. Emerson, Alaska Expedition, IV, 1904, p. 31. 

J. E. Spurr, Geology of the Yukon Gold District, Ann. Rep. U.S. Geol. Surv., 1898, 
XVllI, 3, pp. 83-392, maps, in particular p. 200 et seq. 
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were the most westerly and, at the same, the most northerly. In more 
recent times Turner crossed a range in long. 14F W. and between lats. 68° 
and 69° N., which, according to his estimate, reaches a height of 6,000- 
8,000 feet (1,800-2,400 meters) \ The most detailed accounts are those of 
S. J. Marsh, wlio spent almost two years (1901-3) in these inhospitable 
regions, where he endured great hardships He is our autliority for the 
following observations : — 

A continuous mountain -chain directed east and a little north forms the 
watershed and runs towards the Mackenzie. A chain in front of it, 
marked on the maps as the Franklin wou ntains, rises in about lat. 69° N. 
On the Carter pass it is 4,000 feet high ; some peaks may even reacli 
a height of 5,000-8,000 feet. Its foot lies 20-54 kilometers distant from 
the sea. Sandstone, conglomerate, and crinoidal limestone were met with 
in the range, and on tlie coast boulders of gr{initc and diorite. 

The region extending south of the Franklin mountains to the principal 
chain is occupie<l by dark folded schists, which strike nearly east and west. 
Higher mountains as far as lat. 68° 10' N. are crowned by limestone, with 
(vi'inoids and other fossils. 

Near long. 146° W. the Kooguru river (Canning) marks the western end 
of the PVanklin mountains ; here the plain which extends in front of the 
principal cliaiu to the sea attains a breadth of from 66 to 220 kilometers. 
The southern and eastern branches of the Kooguru are derived from 
glaciers of the principal chain. The most obvious feature in this chain 
is a great anticline of schist and sandstone, and to the south of this 
chloritic schist. West of the Kooguru the widelj^ distributed limestone 
rests also upon the hills. F urther towards tlie south-west, the prevailing 
rock, west of the Chandlar river and between lats, 68° and 67° N. is mica- 
schist witli some crystalline limestone. 

So far S. J. Marsh. According to common usage, tliis principal chain, 
situated south of tlie Franklin mountains, lias hitherto been termed the 
Ronumzov rhain. 

Two journeys, to whicli we are greatly indebted for knowledge of this 
region, have been ina<le by Schi'ader, who started from the Yukon Flats, 
in the south. Where the Yukon makes its bend the Chandlar flows into 
it from the north ; Schrader followed this river on his first journey, 
iloyond lat. 67° N. and between longs. 147° and 148° W. ho reached the 
margin of the Flats, which is covered by basalt, and at the same time 
Archaean mountains, striking to the north-east, which he at once named 
the Ronianzov mountains, and regarded as the continuation of the Arctic 
rnriges. From this point he advanced as far as lat. 68° N. and then os he 

' J. H. Ttirner, The Boundary North of Fort Yukon, Nat. Geogr. Mag. Washington, 
1?^02, IV, pp. 196, 197. 

^ A communication in Brooks, Geography and Geology of Alaska, pp. 260-262, 
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returned explored the upper course of the Koyukuk. On his second journey 
Schrader started from lat. 66° N. on the Koyukuk, and following approxi- 
mately the 152nd meridian reached the Arctic Ocean on the other side of 
lat. 70° 20' N. in the basin of the Colville river b 

An arcuate folded range, slightly concave towards the north, at least 
125-130 kilometers liroad, and on an average 1,800 meters in height, 
extends past the Y ukon Flats on their north side ; this has received 
the name of Endkott range. One part of it probably lies beneath the 
Flats ; it seems to be marked by the Archaean rocks on the northern 
border of the Flats. It crosses the meridian of 152° between lats. 67"* 10' 
and 68' 25' N. Beyond the northern border, that is beyond lat. 68° 25' N. 
in the Endicott range, Schrader came upon a platform, the Anaktuvuk 
plateau, which extends to lat. 69° 25' N. ; beginning with a height of 
760 meters it slopes downwards on the north to 240 meters, and is then 
followed by almost level country, which continues as far as the Arctic 
Ocean. 

The most ancient I'ocks in this range, situated on the margin of the 
Flats, in lung. 147° to I IS'* W. strike to the south-west. They are followed 
on the north by a gold-bearing zone of highly-altered rocks. In long. 1 52° W. 
the strike runs east and west. Here Schrader obsetved a zone of biotite 
and amphiVioHte schist, 10 kilometers broad, dipping to the south (Totsen 
series) and a second zone 24-32 kilometers broad, incluiling highly-altere<I 
limestone with doubtful traces of upper Silurian fossils and mica-schist. Then 
follows an uncouforinable .series of alternating sandstone, conglomerate, slate, 
and liinestone, extending over a breadth of 80 kilometers and dipping to 
the .south-east or .south-we.st ; in tliis zone lower CarboniferoiLs fo,ssil.s only 
have been founa. A disturbance, not known in detail, expo.se.s middle 
Devonian limestone on the east; the fauna recalls the Devonian of the 
Mackenzie. Tlie presence of {ipirlfer dUjamtu^ points bo upper Devonian. 
A hard ipiartz conglomerate crops out from beneatli tlio Devonian and 
divides it into a northern and a southern zone. 

Thus we reach the northern border of the Endicott range ; towards the 
we.st this border in probably formed l>y tlie Devonian, towards the ea.st by 
the lower Carboniferous or some later .stage. In front of tlie border lies 
a belt of talus. The soutliern and larger i)art of the Anaktuvuk plateau 
consists of .slightly folded limestone with A nt dla rrassicoUis. It is covered 
towards the north (perhaps unconfonnably) by upper Cretaceous with 
Scaphites and large Inoceranius shells. 

The plain is formed of two Tertiary stages, one of which is described as 

* F. C. Schrader, Preliminary Report on a Reconuaissance along the Chandlar and 
Koyukuk Rivers in 1890, Ann. Rep. U.S. Geol. Surv., 1901, XXF, 2, pp. 441-486, maps; 
Geological Section of the Rocky Mouutain.s in North Alaska, Hull. Am. Gool. Soc., 1002, 
XIII, xjp. 2H3 252; A Keconnai^r'«ance in North Alaska, U.S. Geol. Surv. Profeasional 
Papers, no. 20, 1904, 139 p]>., maps. 
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Oligocone, the other as Pliocene. A remarkable sheet of unstratified sand 
(Ooobie sands) extends over the Tertiary beds. 

Finally, we reach the tundra. Schrader justly observes that the name 
Alaska range, if it had not been conferred elsewhere, should be assigned to 
this great watershed lying next the Arctic Ocean. When the first indica- 
tions of the watershed were observed by Schrader on the border of the 
Flats he described them, as we have seen, as parts of the Romanzov range. 
After he had crossed from side to side he chose for them the name of 
l^iidicott mountains, by which this part of the range had been already 
indicated on Allen’s map since the year 1885. The entire range as far 
as the west coast was regarded as belonging to the Rocky mountains, and 
consequently th<j Cretaceous plateau of Anaktuvuk and the tundra were 
compared to the prairie-land of the United States. 

It would seem most satisfactory to retain for the whole chain, from its 
syntaxis in the east up to its western end, the name of the Russian states- 
man Romanzov, who almost a century ago equipped Kotzebue's expedition 
from his own private means, and to reserve the name Endicott for that 
middle region which cuts through the meridian of 152®, on the same prin- 
ciple as further west other parts of the Romanzov range bear the names of 
Do Long, Schwatka, and Baird mountains. 

Thus, by Schrader's journeys wo are furnished, for the first time, with 
exact information on an important mountain range. 

The north border of this range reaches the coast at cai^e LishiiTne\ 
here a broad, rich, coal-ljearing region lies in front of it, w^hich is not yet 
known in front of the Endicott range. The most detailed account has 
heen furnished by Collier L 

The northernmost point at which coal-beds occur is Wai wwright inlet 
(lat. 70" 37' N,, long. 159” 45' W.) ; where Nageiopsis longifolm and Podo- 
zamitea dibtantinei'vis of the older Potomac of Virginia (Wealden) and 
liuiera gracilis of the Yorkshire Oolites have been obtained. Kuowlton 
calls attention to the great resemblance between floras of these beds and 
fluj Jurassic floras of Siberia 

' A. J. Collier, Geology and Coal Resources of the Cape Lisburne Region, Al., Bull. 
0.»S. Geol. Surv., no. 278, 1906, 54 pp., map. 

^ Grewingk ( II, p. 196, note 1), p. 90 ; Captain Hooker’s Report of the Cruise of the 
O.S. Revenue-Steamer Cotvhi in the Arctic Ocean, Svo, Washington, 1881, pp. 29 and 
; hesquereux, Proc. U.S. Nat. Mus., 1887, X, pp. 35-38, and 1888, XI, pp. Sl-SB ; 
hosier Ward, Geographical Distribution of Fossil Plants, U.S, Geol. Surv. Ann. Rep., 
1^89, VIII, 2, p. 926; Knowlton, op. cit., 1896, XVII, 1, p. 827 et seq. ; W. H. Dali, 
Report on Coal and Lignite of Alaska, tom. cit., in particular p. 820. Woolfe in Schrader, 
joliminary Report on a Reconnaissance along the Chandlar and Koyukuk Rivers in 
•19, U.S. Geol. Surv. Ann. Rep., 1901, XXI, 2,p. 111. Possibly the Mesozoic coal-field is 
J^'^t quito continuous ; this is suggested by the presence of gold at Icy cape, north of 
at. 70®, Rep. Min. Prod, for 1903, p. 49. Knowlton, in Bull. U.S. Geol. Surv., 1906, 
278, p. 29. 
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From Wainwriglit inlet onwards the ice at many points thrusts frag- 
ments of coal up against the coast, until near cape Beaufort (lat. 69® 10' N.) 
better exposures are reached showing a strike N. 25® W., and from this 
point onwards coal-beds are known as far as the Corwin mines (strike 
N. 75® W.) and the adjacent rivulet Thetis, east of cape Lisbume. Here, 
too, Mesozoic plants have been found. All these coal-beds strike to the 
north-west ; they are folded and traversed by thrust-planes. 

Near cape Lisburue (lat. 68® 50' N., see II, p. 196) the Palaeozoic rocks 
crop out and form the end of the northern part of the Romanzov range, 
which extends through cape Tlmapson 68® 6' N.). They are thrust 
towards the iiortli over the Mesozoic coal-beds. The stratified succession 
from above downwards is as follows : thick white limestone with corals 
and Polyzoa, thinly stratified shales and limestone with brachiopods, trilo- 
bites, and other fossils, amongst these beds black shales and limestone with 
brachiopods, also Coal-measures with a lower Carboniferous flora (Lepido- 
dendron, Stigmaria, and others), and finally, calcareous sandstone and shales, 
perhaps of Devonian age. Productus is known even at cape Thompson ; 
Schuchert also mentions the upper Carboniferous i^pirifer comlor 

The P«alaeozoic range, like its northern border, is overthrust in flakes 
towards the north ; the lower Carboniferous coal-measures are repeated on 
the coast. 

In the interior of the country, probably more than 300 kilometers east 
of cape Lisburnc, fragments of coal have been obtained on the Chipp river 
(Ikpikpuk, long. 155® W.), and on the Colville rivei\ Thus, although the 
coal series to the north of the Endicott range is no longer visil)le, it is pos- 
sible that coals, the Mesozoic coals in particular, lie beneath the Cretaceous 
plateau of Anaktuvuk. 

Grewingk states, on the faith of Fischer s observations, that lavas and 
hardened clay occur along the coast between mount Mulgrave (lat. 67® 40' N.) 
and cape Krusenstem (lat. 67® 5' N.). 

Mendenhall furnishes information on the regions lying further south 
He travelled westwards from the Flats to the sea and observed highly 
altered rocks with a westerly strike in the southern part of the Endicott 
range. Near Dali City (lat. 66® 15' to 66® 30' N., about long. 150® W.) 
they are traversed by many granitic intrusions; near long. 151® W. in the 

* C. Scbuchert, Report on Palaeozoic Fossils from Alaska, U.S. Geol. Surv. Ann. Rep., 
1896, XVII, 1, p. 899, and in Schrader (see previous note), p. 66 ; A. Hyatt, Report 
on the Mesozoic Fossils, &c., tom. cit., p, 907 ; Brooks, Geology and Geography of 
Alaska, U.S. Geol. Surv. Professional Papers, no. 45, 1906, p. 242 ; A. J. Collier, Coal 
Fields of the Cape.Lisburne Region, in Brooks, and Other Mineral Resources of Alaska, 
U.S. Geol. Surv. Bull., no. 259, pp. 172 -185. The presence of Trias has not been confirmed, 
Stanton, Bull. Am, Geol. Soc., 1905, XYI, p. 396. 

* W, C, Mendenhall, Reconnaissance from Fort Hamlin to Kotzebue Sound, Al., U.S. 
Geol. Surv. Professional Papers, no. 10, 1902, 68 pp., maps. 
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same latitude, a mass of gabbro and serpentine succeeds, then to l)eyond 
long. 152'' W. more recent andesitic rock is met with. A patch of Mesozoic 
(? Aucella) beds extends past Bergmann on the upper Kowak (Kobuk) and 
then this river, apparently flowing in a longitudinal valley, is bordered 
down to the sea by the so-called metamorphic series (mica schist, quartzite, 
and some limestone). 

The peninsula of Choris at the entrance to Esclischoltz hay consists of 
similar schists; Chamisso and Puffin island, in jts vicinity, are formed 
of (yneiss-liko granite. Tlie resemblance of the rocks to tliose of St. Lawrence 
bay on the other side of Bering strait led Engelluirdt so early as 1821 to 
conclude tliat Asia and America were once united 

To the south of Kotzebue sound graphitic schist and mica-schist again 
(rop out, and also serpentine and hornblende schists. Then they dis- 
appear; the shore is strewn with bouldei^s of olivine-bearing lava; 
near capo Espenbcirg is volcanic sand containing marine Tertiary shells. 
The Teufelsberg, situated to the south-west further inland, is of volcanic 
origin, according to Beechey ; a lava stream proceeds from this point to 
the sea. Towards the gulf of Shislimaref the shores are flat. 

The w’ost thus presents itself to us as follows. The Romanzov range 
is continued to the coa:it, A northern branch, overthrust towards the 
north and containing lower Carboniferous coal-measures, disappears between 
cape Lisljurne and cape Thompson. I presume that the name De Lony 
range properly belongs to this branch. A second branch, consisting of 
hler rocks and situated further towards the interior, comes from the 
Eiulicott range and separates the rivers Noatak and Kowak; this is the 
Baird range. Still furtlier south, at several points in Eschsclioltz bay, 
the deepest-lying, gneissose rocks make their appearance, and may perhaps 
be compared with the rocks observed by Schrader on the north border of 
the Flats. But from the Mulgrave mountains onwards and round about 
a large part of Kotzebue sound, lying transversely across the ends of the 
ranges, is a girdle of recent sediments, together with recent volcanic 
formations, and to this girdle l^elongs the whole northern part of Seward 
peninsula as far as Shishmaref bay and some distance beyond. 

Setvard j/eninsida, Tlie ends of the mountain ranges cut off across 
their strike, and the volcanic formations near the border give to 
Kotzebue sound, along Avith tlie plain of cape Espenl>erg, the characters 
of a subsidence. Into the inner part of the sound, formed by Eschsclioltz 
and Spafarief l>ay, two rivers are discharged, the Kiwalik and the Buck- 
land, wliich come from the south and flow parallel to one another. They 
are separated by a long meridional ridge rising high above the country on 

M. V. Engelhardt (and Weiss) in 0. von Kotzebue’s Entdeckungsreise in die Siidsee 
’^ad nach der Bering-Strasse, 4to, Weimar, 1821, III (by A. von Chamisso), p. 191 ; a 
‘Nummary of all accounts in Grewiiigk, p. 70 et seq. 
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the east and west, and reaching in the south the valley of the Koyuk river 
which flows into Norton bay. This dividing ridge consists, according to 
Moffit, of isolated hills of granite, monzonite and quartz-diorite, in the 
south possibly of nialignite also, surrounded by a great deal of andesite 
and here and there accompanied by more recent basalts \ 

An extensive region of very recent lavas surrounds lake Imuruk (lat. 
65° 40^ N., long. 163® 10' W.), and from this locality the basaltic lavas 
observed by Mendenhall in the valley of the Koyuk are possibly derived. 
Many of these lavas have flowed through the existing valleys. 

Norton bay is surrounded by low-lying land formed of coal-bearing 
beds, marine upper Cretaceous and coal-l)earing Oligoccne or Kenai beds * 
Tertiary, or even more recent, volcanic ejectamenta are met with, up to 
the shores of Bering sea, first near St, Michael, and then on as far as the 
Koyukuk. The region between Kotzebue sound and Norton bay is indeed 
a continuation of the country on the lower Yukon, and separates Seward 
peninsula from the interior of Alaska. 

The peninsula itself presents none of the elongated chains which 
distinguish other parts of Alaska. 

The abundance of gold in iYmne led to a preliminary report on this 
locality by Schrader. Bogdanowitsch visited Nome before setting out on 
his journey into Chuchki land. Subsequently Brooks and bis colleagues 
described the southern part of the district, and Collier thenorth- western 
part \ 

The broad depression which runs from Port Clarence to Golofnin bay is 
not determined by the structure of the country. The most important 
ranges follow a direction transverse to it ; these are the Kigluaik mountains 
to the south of this valley (Mount Osborne 4,700 feet, 1,433 meters), ami 
the Bendelehen mountains to the north of it. Both run to the west-south- 
west, but the Bendeleben mountains do not lie exactly in the continuation 
of the Kigluaik mountains, although their structure is similar. Towards 
Bering strait a considerable area is occupied by the York mountains. 

Near cape Nome, in the most southerly part of the peninsula, 

' F. H. Moffit, The Fairhaven Gold-Placers, Seward Peninsula, U.S. Geol. Surv. Bull., 
no. 247, 1905, S5 pp., maps. 

* At several places, especially in the Aleutian islands, marine beds rest upon the Kenai 
deposits, but the name Nulato stage, hitherto employed for them, cannot be retained 
since it has been discovered that the typical locality, Nulato on the Yukon, is of upper 
Cretaceous age. Brooks, Geography and Geology, U.S. Geol. Surv. Prof. Papers, no. 45, 
1906, p. 236. 

® F. A. Schrader, I^eliminary Report on the Cape Nome Gold Region, U.S. Geol. 
Surv., 8vo, 1900, 56 pp., map ; K. J. Bogdanowitsch, Sketch of Nome, 8vo, 1901, St. Peterab., 
116 pp., map (in Russian) ; A, H. Brooks, .1. B. Richardson, A. J. Collier, and W. C. Men- 
denhall, Reconnaissance in the Cai)e Nome and Norton Bay Regions, Al., in 1900, U.S. 
Geol. Surv., 8vo, 1901, 222 pp., maps ; Collier, A Reconnaissance of the north-western 
portion of Seward Peninsula, Al., U.S, Geol. Surv. Profess. Papers, no. 2, 1902, 70 pp.> maps. 
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Bogdanowitsch observed ancient augen-gneiss, which occurs as boulders 
in Anvil creek, and he points out its resemblance with the gneiss of 
cape Novosiltzcv (Kreulgun) on the coast of Asia. The American 
investigators make no mention of this occurrence, owing, perhaps, to the 
wider or narrower sense in which they use the term gneiss. Brooks 
mentions, first, white crystalline limestone with mica schist (Kigluaik 
series) ; this forms the greater part of the Kigluaik range, and, in association 
with granite intrusions, of the Bendeleben mountains also. Then follows 
graphite-bearing quartzite schist (Kuzitrin series), and, finally, a thick 
mass of the Port-Clarence limestone, in which Collier found Silurian 
fossils. 

Greenstone and green schists, produced from gabbro or diabase, appear 
as sills in both the oldest stages. Granite, more recent than the greenstones, 
occurs at not a few places, either in bosses or dykes, and generally within 
the crystalline limestone of the Kigluaik stage. In lat. 65^ 50' N., long. 
164^ 10' W,, hot springs occur within one of these granite bosses ; to the 
west of this locality another boss forms the conspicuous mass of the Ear 
mountains, and yet another forms Cape moxintain (792 meters) which 
projects into Bering strait. The presence of tin has directed attention to 
these granite bosses. On Cape mountain, and the neighbouring part of 
York mountains, the tin ores occur close to the contact between granite and 
limestone, and in veins which proceed from the granite. On the east side 
of Cape mountain Collier discovered Devonian or Carboniferous fossils in 
the limestone b 

Speaking generally, we may say that a considerable range of these 
granite mountains extends from Cape mountain towards the east-north-east, 
into the region south of Eschscholtz bay; some of them have furnished 
traces of tin, others of fluor spar, but others again, although included with 
the rest, are probably of much greater age. This is true in particular of 
the Kiwalik mountain (lat. 65° 30'N., long. 162° 10' \V.), which, according 
to Moffit's description, must doubtless be regarded as true gneiss. 

Seward peninsula is a land bearing some fairly high mountains, formed 
of Palaeozoic and older systems, penetrated here and there by eruptive 
rocks of very various age. Data as to the strike are not concordant : in 
the north-western portion it is mainly east-and-west, in the southern more 
generally west-south-west. On the Kugruk (lat. 65“ 55' N., long. 162" 25' W.) 
a bed of coal, probably upper Cretaceous, is mentioned ; it is folded and 
strikes north and south. 

Tice pemnmla of the Chuchki. To the north of the plain of the Anadyr, 
floly Cross bay cuts deep into the mainland. It is prolonged towards the 


* Collier, Tin Deposits of the York Region, Al., Bull. U.S. Geol. Surv., no. 229, 1904, 
pp., map, and no. 259, 1905, pp. 120-127. 
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north, that is into the interior, in two arms, Engaugyn bay and Etelkiijum 
bay, and above these rises tlie mountain of MataUJiivijai (2,797 metei’s) 
which is, far and wide, the highest mountain in the land. Postels, the 
companion of Liitke, sncceede<l in reaching as far as Etelkujum bay ; the 
rocks he obtained include, according to Jankowsky, trachytic taxite, augite 
andesite, and Jiparite. It may well be that the eruptive rocks at the 
mouth of the Ainadyr are continued up to this points 

The south-east coast of Chuchki peninsula, which forms the Asiatic 
coast of Bering strait, is for the most part rocky. Motshigma bay and, 
north of this, St. Lawrence bay break up the hills. St. Lawrence bay 
appears to be separated only by a low watershed from the great Koljutshin 
bay, which opens into the Arctic Ocean, and perhaps this is also true of 
Metshigma bay, so that the hills in the interior are broken up into irregular 
groups, as frequently happens in high latitudes 2 . 

The isolated observations of Dawson, Nordenskjdld, and the older 
investigators have been brought into connexion by the detailed studies of 
Bogdanowitsch. His descriptions furnish us with the following facis^ 

The south-east part of the peninsula is rocky, high (up to 884 meters), 
and deeply divided by fjords. One of these fjords extends from the south- 
south-west into the mountainous land (Providence or Plover bay), a .scHjond 
comes from the south (Iskagan), and on the east side is a group of three 
ijords (the most northerly is the gulf of Konjam) separated from the open 
sea by two high rocky islands. These islands are called Ittygran (or 
Schirluk, 561 meters) and Arakam (or Kaine, 554 meters). The strait of 
Senjavin extends between the north coast of the island of Arakam and the 
mainland. 

The bluff mountains and islands, between Providence and Senjavin 
bays, are formed (apart from their summits, which are possibly andesite) 
of a very varied series of rocks. From the d(5l>ris on the slopes of th) 
rocky sliores of Iskagan bay Washington mentions comendite, quart:?- 
porphyry, rhyolite, obsidian, and monzonite^. 

From cape Mertens onwards, which lies south of Ittygran and marks 
the entrance to the inner fjords, clay slates and white schistose limestone 
are continued onwards, according to Bogdanowitsch, beneath this mass of 

* F. Lutke, Voyage autour du monde, Svo, Paris, 1836, TU, p. 48. Postels thought he 
observed porphyry with glassy feldspar, &c. ; W. Jankowsky, Material zur Petrographic 
von Kamtsehatka uiid der Heiligen Krcaz-Biioht, Trudi Naturf. Gcs. St. Petersb., XXIII, 
pp, 61-70. Professor LOwinson-Lessing is kind enough to inform me that Jankowsky’s 
specimens were collected by Postels. 

* On this point see Bove in Nordenskjdld, Die Uinseglung Asiens, II, pp. 32. 

K. Bogdanowitsch, Sketch of the Chuchki Peninsula, 8vo, St. Petersburg, 1901, 
238 pp., maps (in Russian). 

* H. S. Washington, Igneous Rocks from East Siberia, Am. Journ. Sci., 1902, 4th ser., 
XIJT, pp. 175-184. 
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eruptive rocks. The same sedimentary rocks also occur at the base of the 
two islands Ittygran and Arakam, and in the inner fjords as far as Konjam 
and Senjavin. The clay slates soon pass into biotite schists; then the 
whole series is seen only at sea level; in some places it is traversed by 
granite dykes, but everywhere it is covered by the recent eruptive rocks 
and steeply folded, with a north-westerly strike, varying between N. 30° W. 
and N. 65° W.^ 

This strike to the north-west indicates the -presence of an arc coming 
from Alaska, and Dawson*s statement, that the grey granite which forms 
the adjacent part of the elongated St. Lawrence island coincides with that 
of the Asiatic peninsula, confirms this view 

To the north of the strait of Senjavin the situation alters. On the 
north coast the Maritsh rivulet enters the strait ; towards its mouth 
the strike of the limestone and schist becomes north-and-south, and 
only 4 versts up the stream it is N. 40° E. ; maintaining this direction it 
probably reaches the inner parts of Konjam. It seems as tliough an 
American and an Asiatic (Anadyr) direction were about to encounter each 
other. Cape Nigitshan is formed of porphyries, and still further north 
the tundra extends to Metshigma bay. Near this bay we meet with low 
lulls of folded limestoile striking N. 40° W. ; brown coal is present. On 
both sides of the bay rise bosses of andesite and dacite ; in some of these 
the original form of the crater has been preserved, as, for instance, in the 
conical mountoin of Nelpynja on the north side of the bay, from which 
a flow of dacite has poured forth. 

North of this point a liigher range occurs (741 meters), which reaches 
the sea iii cape Novosilizev (Krleugun). From this range gneiss comes down 
in boulders towards the south to Metshigma bay ; granite, often assuming 
the stnictui'e of gneiss, forms the promontory. A boss-like mass of olivine 
diabase appears on its summit. Gneiss-Iiko granite also forms part of the 
south shore of St. Lawrence bay ; in the interior of this l)ay, however, on 
its north side, and also near cape Nunjam and as far as cape Lutke, we 
Again perceive the more recent eruptive granites of Senjavin and the 
sediments of these more soutlierly mountains, altered by contact^. On 
the other side of cape Liitke eruptive rocks of this kind have not yet been 

’ Bogdanowitsch, Sketch of the Chuchki Peninsula, pp, 112-124. Postals has already 
described the rocks of Arakam and recognized the prevailing north-west strike ; see 
Postels in Liitke, Voyage III, pp. 32 and 44 ; a description of Konjam and its rocks is 
^iven by NordenskjOld, Umseglung Asiens, II, p. 240. 

* G. M. Dawson, Geological Notes on some of the Coasts and Islands of Bering Sea and 
Vicinity, Bull. Am. Geol. Soc., 1894, V, pp. 117-146, in particular p. 138 et seq. 

Specimens of white granular limestone with white mica and foliated graphite were 
collected by Kschscholtz on the gulf of St. Lawrence, Kotzebue, Entdeckungsreise in die 
Siidsee und nach der Bering-Strasse, 4to, Weimar, 1821 ; Chamisso, op. cit., Ill, p. 169 ; 
Kngelhardt (und Weiss), op. cit., Ill, p. 191. 
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observed. The gneisses can be traced as loose boulders from the mountains 
lying further towards the interior, but with the exception of some loose 
boulders of granite on cape Deshnev, the only rocks seen by Bogdanowitsch 
near cape Kuntugelen, and as far as cape Deshnev were schists, dark 
siliceous limestone and limestone breccia, that is, a normal sedimentary 
series, striking apparently east and west^. 

Disregarding the strike, we may therefore distinguish the following 
parts in the west coast of Bering strait : (1) a tract extending from 
Providence to Senjavin and beyond, formed of altered and folded sedi- 
ments, penetrated and overlain by granite, syenite, and the like, and also 
by andesitic rocks; (2) a flat land of Tertiary sediments and recent 
eruptive rocks extending to Metshigma baj^ and beyond; (3) a doubtful 
range of gneiss and granite, which reaches the sea in cape Novosiltzev 
and is there penetrated by olivine-diabase ; (4) the series of rocks on 
the south (Providence to Senjavin) which are repeated as far as 
Cape Lutke ; (5) normal sediments (slate and limestone) up to the Arctic 
Ocean. 

We will now follow the range which includes cape Novosiltzev. It 
forms the watershed. Bogdanowitsch observes that he was struck by the 
resemblance in detail between the rocks of this rafjge and the boulders he 
had seen in Airterica, on the shore of Anvil creek, not far from Nome. So 
far as can be made out from the indications furnished by this indefatigable 
observer in respect to the north coast, the series of unaltered sediments 
continues from cape Deshnev for some distance towards the west ; then 
follows a vast tundra, interrupted by isolated eruptive hills of recent 
date. Sheets of trachyte and melaphyre enter into tlie vicinity of the 
Serdze Kamen promontory, which is itself formed of granite. Bogdano- 
witsch, however, observes that this granite of the Arctic coast is different, 
both in its nature and its general mode of occurrence from the recent 
granite of cape Lutke and the strait of Senjavin, and it extends in bosses to 
the coast of Koljutshin bay. Here we reach the neighbourhood of Pitlekaj, 
the place at which Nordenskjold’s ship, the Vega, passed the winter, so that 
the accounts at our disposal are fortunately continuous. Tornebohins 
description shows that in the tract extending from Idlidlja (west of the 
Serdze Kamen) througli Pitlekaj to the island of Koljutshin, exposures of 
gneiss are met with, also a gninulitic rock, and on the east side of Koljut- 
shin bay granular limestone occurs in association with these rocks 

^ H. S. Washington mentions Foyait with the description : south of Whalen or Itshan, 
East cai>e ; surely this can only refer to the settlement yjiieiiT* on the north side of 
Deshnev ? 

* TOmehohm, Vega-Expedition, in NordeiiskitJld Vega-Expedition Vetensk. jaktag., 
1887, IV, p. 122. A loose boulder of granite from the lagoon of Pitlekaj was recognized 
as distinct from these rocks and identical with that of cape Nunjain (a little south of 
cape Lutke) ; so clear is the distinction between the recent granites. 
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It is, therefore, not improbable that a range of ancient granite and gneiss 
extends from Novosiltzev and the great mounUins between Metshigma bay 
and St. Lawrence bay to the Arctic Ocean, east of Koljutshiii bay, and to 
the island of Koljutshin. Bogdanowitsch states that south of this bay 
great mountains are to lie seen running first to the west-north-west, then 
north-north-west, and finally north-north-east to the west of the bay, 
and probably as far as cape Onman (about long. 175° W.)^. 

On mpe Jrhatpi (long. 180°) and the neighbouring mountain of Ilammowj 
Omanffj NordenskjCld observed olivine-diabase resting on black shales 
with plant -remains, and perhaps belonging to the Permo-Carlxmiferous “. 
Cape Jakan (about long. 17r)°E.) presented breccia, sandstone, and porphyry 
tuff (strike north-arid-south in a small exposure). In this neighbourhood 
the series of rocks begins which extends to cape Shelagskoi (Erri) on 
Chaiin bay. 

Bogdanowitscli points out that all the mountain ridges of this region 
are directed to the west-north- west, and conjectures the existence of a 
connexion between the rocks of Chuchki land, and those of Chaun bay. 
Here we must recall the fact that on the Poginden (right tributary of the 
little Anuj) the strike is still north-east to east-north-east, while on the 
lower Baranycha (long. 165° E.) it is N. 80° W. This is a similar contrast 
to tliat which occurs at the entrance to the strait of Senjavin, and thcvse 
tacts support Bogdanowitsch in supposing that two arcs are present; that 
wliich we call the American arc would thus extend to the Baranycha. 

The promontory of Baranov also shows the elongation to the west- 
north-west, and consists, like the islands off its coasts, of schist and 
granite. 

This west-north-west strike, oldique to the shore line, gives the 
character of a rias coast to the region of Pitlekaj and Koljutshin island, 
cape Shelagskoj and the rocky island of Rantan at the entrance to Chaun 
bay, and the promontories of Great and Little Baranov together with the 
Baranov islands 

’ Bogdanowitsch, Sketch of the Chuchki Peninsula, p. 104 ; Cape Onmaii is described 
l»y Wrangell, Reiso liings der Novd-Kuste von Sibirien, etc., II, p. 214. To the west of this 
locality, in the direction of cape Wankarem, Wrangell obsen^ed lofty cliffs of granite 
porphyry. Wankarem is said to consist, like Irkaipi and cape Schelagskoi, of very fine- 
grained syenite with dark green hornblende. 

* T6rnebohm, Vega-Exiiedition, Vet. Arb., IV, p. 121. 

Bogdanowitsch saw reason to doubt the assumption that so largt? a part of the land 
i>houid possess a structure striking to the west-north-west, owing to the repeated occur- 
lonce of beds striking to the north-east. On the whole, however, we sec that the north- 
easterly strike prevails in the regions situated more to the south and west, the west- 
north-westerly strike in those more to the north. This is tlio case not only on the Anuj 
(Poginden), but also in the southern part of the Chuchki Peninsula. It is only at the head 
of the gulf of Konjam and on the Maritsh river that a north-easterly strike again occurs 
in places, but passing through a north-and-south direction. The north-easterly direction 
reappears in St. Lawrence Bay. 
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The rdation of Asia to America. An attempt to determine the I'ela- 
tion of Asia to America was made by Bogdanovvitsch The subsequent 
W'orks of American investigators have cleared up many doubtful points, 
but they also enable us to recognize the special difficulty of the problem. 
It lies in the fact tliat Seward peninsula is not so much a region of clearly- 
marked trend-lines as of locally limited intrusions of different ages. It is 
true that these intrusions are repeated on the Asiatic side. The Koraanzov 
range strikes in full breadth out to sea. Kotzebue sound, with the low- 
lying land extending to ShLshmaref, looks like a subsidence of the 
Romanzov range. The small fragment of sediments, near cape Deshnev, 
striking in the normal west direction, may possibly correspond with the 
Silurian, also striking to the west, in the northern hill-ranges of Seward 
peninsula. 

The York mountains, about 600 meters high, are surrounded at a height 
of 600 feet (183 meters) by a sharply-defined terrace. On the other side 
of the tin-bearing granite of Cape mountain, the steep Fairway R/kIc rises 
from Bering strait ; according to Lopp this also consists of granite. At 
a height of 600 feet it presents a fiat summit, as though the terrace 
surrounding the York mountains were about to be continued across the 
sea^. The great Diomedes idaiul consists, according to Dali, of syenite ^ 
Tin has been obtained from it. Thus we may conclude that Cape mountain, 
with its crystalline limestone, altered by contact with the granite, along 
with Fairbank and Diomedes is the continuation of the intrusive rocks and 
the altered sediments which Bogdanowitsch encountered, extending from 
cape Liitke and Nunjam to St. Lawrence bay. 

It is much more difficult to form an opinion as regards the region which 
follows to the south. Several circumstances tend to show that the range 
of granite and gneiss, which has been followed from Novosiltzev towards 
Pitlekaj and Kolyutshin and then to Chaun bay is really of considerable 
age. If so, it must be regarded as the most important line of the Chukchi 
country. Its direction to the north-west or west-north-west would corre- 
spond with the strike to N. 40*^ W. in the folds of the Tertiary land to the 
south of the neighbouring Metshigma bay, and would accord with the view 
that it forms a part of an arc of the Alaskides. But in Alaska itself the 
only indications of a continuation are afforded by Chainisso and Puffin 
islands in Eschscholtz bay and the Kiwalik mountain. 

It might certainly be supposed that these latter localities, continuing 
the north lx)rder of the Flats, correspond to the innermost and southern- 

' BogdaDOwitach, Sketch of the Chuchki Peninsula, p. 142 et seq. 

Brooks and others, Reconnaissance in the Cape Nome and Norton Bay Regions, Al., 
in 1900, U.S. Geol. Surv., 1901, pp. 34, 52, 59, 132, pi. XIII, map of York Region by 
Brooks. 

* W. H. Dali, Ann. Rep! U.S. Geol. Surv., XVII, 1, p. 835. 
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most part of the Romanzov range; yet this view is without adequate 
confirmation 

In the substructure of Ittygran and Arakani, and as far as Senjavin, 
the direction to north-west or west-north-west is repeated. The grey 
granite of Providence and Senjavin corresponds, according to Dawson, with 
the granite on the west side of St. Lavjreiice island, which extends for 
a distance of 130 kilometers towards the west-north-west. On the summit 
of the island lie volcanic tuffs ; cones of no great .size are also said to be 
present. In the south of the island, Chamisso mentions granite, in addition. 
Collin obtained a Carboniferous fossil from St. Lawrence These facts, 
however, lead us no further than the conjecture that, buried beneath the 
flat land of the lower Yukon there lies a region which is traversed in the 
same vray as Seward peninsula by granitic intrusions. 

King s island, which is small but lofty, is formed, according to Hooker, 
of basalt 

As the .sea becomes broader towards the south, the difficulty in linking 
the facts togetlier becomes gi‘eater. Towards the west, from Holy Cross 
bay onwards, tlie cliaracter of the coast seems to alter. The height of 
Matatshingai (2,797 meters), which is extremely great for these regions, 
with the andesite am? liparite rocks known near its foot, even suggests the 
question whether, in .spite of the great interval, a trace of the volcanic arc 
of Kamchatka may not be visible here. But the intervening area is, as we 
have seen, almost entirely unknown. 

Let us return to the doubtful range of granite and gneiss extending 
from Novosiltzev to Kolyutshin. 

Wo have seen that even on the Baranycha, west of Chaun bay 
(long. 167° E., lat. 68° 34' to 69° 9' N.), a strike to N. 30° W. occurs, and cuts 
oft* the north-easterly strike of the Kolyma, and with it the Anadyridos 
(IV, p. 341). We should suppose that if any connexion existed between 
this range and the Alaskides, north-westerly and north-north-westerly 
directions would gradually make their appearance in the west. According 
to Tolls investigations in the Keiv Siberian islands this is in fact the 
case 

North of lat. 70° N., and east of the lower Jana, at the extreme end 
of the Tass Hajachtach, Trias crops out (IV, p. 336). Then follows a broad 

^ A. J. Collier, U.S. Gcol. Surv. Bull., no. 229, p. 28, seems to suggest that the more 
recent tin-bearing granites follow the strike like those of Cornwall. 

J. M. I)aw.son, Geological Notes on some of the Coasts and Islands of Bering Sea and 
Vicinity, Bull. Am. Geol. Soc., 1894, V, pp. 133-148 ; Chamisso, in Kotzebue, Entdeck- 
ungsreise in die Siidsee und nach der Bering-Strasse, 4to, Weimar, 1821, III, p. 170. 

* Captain Hooker, Report of the Cruise of the U.S. Revenue Steamer Cowin in the 
Arctic Ocean, 8vo, Washington, 1881, p. 15. 

^ * Baron E. von Toll, Geological Sketch of the New Siberian islands, Mem. Acad. Imp. 
Sci. Saint-Pf3tersb., 1899, 8® ser., IX, no. 1, 20 pp., map, in particular p. 16 (in Russian). 
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tundra, out of whicli, as we proceed towards Swiatoj Noss, basic eruptive 
rocks protrude ; on the south side of this Noss we reach the I^ptew strait. 
On the south side of Ljdehoiv island^ three degrees of latitude north of the 
Trias of the Tass Hajachtach, a formation is visible which is alien to the 
arc of Verklioiansk. In this island four isolated granite bosses rise out of 
the flat frozen ground, which contains numerous remains of elephants. 

‘ One cannot help thinking/ says Bunge, ' that if the temperature of the 
ground were to rise above zero even for a short period, that island would 
be converted into liquid mud and flow away^ Then only the granite 
bosses would remain, and possibly a continuous granite zone. It would be 
at least 70 kilometers broad. 

Kotel ay, the largest island of this archipelago, extends, in the vicinity 
of meridian 140°, for a distance of about 170kiloiaeters. In the south, Toll 
found Trias with Pseudomonotu ochotica ; for the rest the island consists, 
apart from some basic eruptive rocks, of a hilly range formed of upper 
Devonian, with a strike to the north-north-west, on its west side, and 
another range formed of upper Silurian, the Schmidt moicntains of Toll, 
with the same strike, on its east side. 

The flat tract known as Bv/age Land, which adjoins it on the east, and 
the extensive island of Fadejeff are only patches of flozen soil. 

In the western part of New Siheria^vfhxch is the most easterly island, lie 
the much-discussed ‘w^ood mountains’ (II, p. 487). They present trunks 
of trees emljodded in a Tertiary lignitiferous deposit, with leaves of Sequoia 
Laag^dorji, Populus arctica, and other species. Tlie deposit is thrown 
into steep folds with a strike to north-north- west, and terminates in steeply 
upturned beds at cape Wyssoki, the extreme point of the island *. 

Thus we have evidence of the existence of Miocene or post-Miocene 
folding between lats. 75° and 75° 30' N. It is impossible to resist the 
conjecture that the New Siberian islands also form part of the system of 
the Alaskides. The most recent folds occur in the east ; that is, on the 
inner side, as in the Romanzov range. 

In Bennett Land De Long met with eruptive rocks. Baron von Toll 
arrived oflT the island in August of 1901. The ice pack prevented liis 
approach, but for a brief period the mist opened up and revealed the 
promontory of Emma, 2,000- 3,000 feet high, and completely covered with 
snow. Fragments of volcanic rock, brought down by glaciers, were picked 


^ Bunge, Expedition nach den Neu-Sibirisebon Inseln und dem Jaua-Land, Beitragc 
zar KenntniBs des russischen Reiches, 3. Ser., vol. Ill, maps, p. 256. 

" E. von Toll in J. Schmalhauseri, Tertiare Pfianzen der liisel Neu-Sibirien (Wissen- 
schaftliche Resultate der von der kaiserlichen Akademie zur Erforschung des Jana-Landes 
U.8.W. ausgesandten Expedition, nj, Mem. Acad. Imp. Sci. >Saint-Petersb., 1890, 7® ser., 
XXX VI I, no. 5, p. 1 et seq. 
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up on the ice But this did not satisfy the intrepid explorer. He con- 
tinued the exploration and paid for it with his life. The last record he 
made informs us that Bennett island repeats the structure of the ancient 
tableland of East Siberia; from the collections he made, Schmidt has 
described A nomocare excavata and graptolite slates, and Nathorst, plants 
belonging to the Trias and Jurassic 

Mountains on the lower Yukon. All the mountains which rise from 
the broad plain of the lower Yukon strike to the south-west. 

The Koyukuk emerges from the older rocks south of lat. 67® N., but 
the long and not very high range of the Yukon mountains^ directed to 
the south-west, which separates the Koyukuk from the Melozi, is either 
a continuation of the southern rocks of the Romanzov range, or a new 
divergent branch of the virgation. Its south-western end has not been 
explored. 

The canon, probably about 150 kilometers in length, by which the 
the Yukon leaves the Flats at their south-western end, near Fort Hamlin, 
is cut for the greater part in Devonian diabases and green schists ; here lie 
the Ramparts of the Yukon Similar rocks and older schists form the 
long ridge of the Gold onountains between the Yukon and Melozi, and still 
further to the south-*wcst, south of the Yukon, the Kaiyuh mountains, 
also directed to the south-west, which extend through the plain of the 
lower Yukon nearly to lat. 63® N, There they appear to bend in an arc 
toward the west, and it is probable that their continuation forms the 
promontories to the south of lat. 62® N. But with regard to the latter 
we have only short accounts by Dali. 

The Kuskokvim mountains, lying still further towards the south, have 
been made known to us by Spurr ^ Presenting a trifling elevation in the 
north, they continually increase in height towards the south-south- west. 
In about long. 154® 20' W., north of lat. 63** N., the Kuskokvim river, 
coming from the Alaska range, enters these heights. It cuts through 
them in a long canon, then turns towards the west, leaves the mountains, 
and flows towards the sea to the north of their continuations. The 
mountains are continued in the south-south-westerly direction, first as 

^ E. von Toll, Voiiiiufiger Bericht, Bull, Acad, Imp. Sci. Saint-Petersb., 1902, 5® ser., 
XVI, p. 203. 

* Peterm. Mittli., 1904, p. 105 (from the Petersburger Zeitung), and p. 273 ; A. Kolt- 
schak, The last expedition to Bennett island, &c., Izviestija Imp. ross. (leogr. Obsch., 
1906, XLII, pp. 487-519 (in Russian) ; Schmidt, Protok. Petersb. Naturf. Ges., Nov. 
1904, p. 434 ; Nathorst, Ueber Trias- und Jurapflanzen dev Insel Koteln}^, Mem, Acad. 
Imp. Sci. Saint-Petersbourg., 1907, XXI, no. 2, 13 pp. 

* L. M. Prindle and F. Is. Hess, The Rampart Gold Placer Region, U.S. Geol. Surv. 
Bull., no. 280, 1906, 54 pp., map. 

* J. E. Spurr, A Reconnaissance in South-West Alaska, U.S, Geol. Surv. Ann. Rep., 
1900, XX, 7, pp. 43-264, maps. 
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isolated masses, and then as the OJdum range (Ahklun), on the north 
border of which (lat. 60° N., long. 160° W.) mount Oratia is believed to 
rise to a height of 7,300 feet (2,225 meters); this range projects into 
Bering sea, and forms cape Newenham. 

In its northernmost part, the canon of the Kuskokvim is cut through 
limestone containing middle Devonian corals ; then follows, for a long 
distance down stream, a granite arkose, with plant-remains and Inoceramus, 
cut through by long and steeply -protruding porpliyry dykes of a deep 
yellow hue. This is followed from about Kolmakof onwards (west of 
long. 159° W.) by dark andesite tulF. The Oklune mountains consist of an 
ancient tuff and calcareous shales with Aucella. Here, too, we see long and 
steeply-rising eruptive dykes. Towards the south-west much basalt 
occurs. 

The folds in the canon of Kuskokvim show great irregularities of strike ; 
they maintain, however, as far as the sea, the principal direction to the 
south-south-west, and although they advance towards the sea, they possess, 
on the whole, according to Spun*, a synclinal wStructure. 

The Alaska range contains the highest peak of North America, and 
forms the northern part of the largest arc of the Alaskides, that of the 
Aleutian islands. Spurr has established the contiiuiity of this arc. It 
advances to a point a little south of the Tanana (lat. 64° N.), and its most 
southerly part reaches lat. 51° 25' N. In order to describe the structure, 
we will divide it into three parts, the Alaska range, tlie peninsula of 
Alaska, and the Aleutian islands. 

A number of rivers, radiately converging, are discharged at the head of 
Cook’s inlet ; their valleys correspond only in part with the strike, but they 
determine the form of the surface. From the w^est comes the river 
Skwentna, which receives the Yentna ; at a little distance from the sea it 
joins the Sushitna, which flows down from the north. From the north- 
east comes the Matanuska ; it is discharged into Knik bay ; finally we may 
mention the Turnagain fjord, or arm of the sea, coming from the east ; this 
is more correctly part of an oyde, which, with the exception of a low tract 
of land, 18 kilometers in breadth, and covered in part by a glacier, would 
separate the peninsula of Kenai from the mainland. 

All the land between these rivers is occupied by lofty mountain ranges, 
which bear numerous glaciers. The part situated to the south of the 
Skwentna is the Tordrillo range. In the region north of the Skwentna, and 
extending to the Sushitna, rises the Alaska range, the highest and wildest 
of all. The interval between the Sushitna and Matanuska is occupied by 
the Talkeetna range, which descends on the east to the plateau of the 
Copper river. The range situated to the south of the Matanuska is not 
to be included in the Alaska arc. 

Let us now turn ouf attention to the region of syn taxis. 
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On the north side of the Tanana, the end of the principal range of 
the rocky mountains is formed by a gneiss range known as the ‘Yukon 
geanticline ’ of Canadian geologists. The termination is placed by Brooks 
in lat. 64° 20' N., long, 147° W. While this gneiss of the Rocky mountains 
strikes away, first to the cast and then to the south-east, a southern chain 
begins south of the Tanana, and quite close to the river, in about lat. 63° N., 
and long. 143° W. Its ancient schists form the north-east side of the 
Montasta range, the south side of which consists of upper Carboniferous 
and Permian limestone, and slopes away towards the volcanos of the 
Wrangell group. The schists gain very rapidly in height towards the 
w(^st. The peaks of the Rocky mountains to the north of the Tanana 
reach a height of 1,800 meters, but in this gneiss range mount Kimball 
rises above 3,000 meters, and west of it, in long. 147° W., mount Hayes 
exceeds 4,400 meters (fig. 33). Tliese great heights form at the same time 
tlic nortli border of the plateau of the Copper river. Tlie south side of 
mount Kimball is traversed on this side by a great trough-like subsidence 
in wliich lie Carboniferous and Permian limestones. To the south of it the 
ancient rocks crop out once more on the border of the plateau of the 
(7oppcr river. Mendenhall and Schrader state that the dislocation is so 
recent that patches of j3oal-bearing Tertiary are wedged into it b 

Brooks formed the impression that the axes of the great chains do not 
come together, but pass each other by^. The Rocky mountains do not 
enter into direct myntaxis with the Alaska range, like the .southern zones 
in Chugatsk bay. The Alaska range seems rather, by means of an 
elongation extending across the meridian of syntaxis, to join the south side 
of the Rocky mountains, which terminate in long. 147° W. in the meridian 
of mount Hayes. 

Mount Cliisaiia, the last spur of the Alaska I'ange, consists of highly 
contorted crystalline schists, Mendenliall crossed the chain situated to the 
east of mount Hayes, as he came from the south, that is, from the plateau 
of the Copper river. He observed at its south foot a comparatively recent 
granite, not dynamically altered, and then deformed gabbro and diabase, but 
within the chain only the same schists (here termed Tanana schists) as those 
which surround the gneiss on the other side of the river, and form many of 
the south-westerly striking chains of the west (Kaiyuh and others) Accord- 
ing to Eldridge’s observations, the same schists extend in a broad zone to 

’ W, C. Mendenhall and F. Schrader, The Mineral Resources of the Mount Wrangell 
district, Ah, U.S. Geol. Surv. Prof. Papers, no. 15, 1903, 71 pp., maps, in particular pp. 46 
and 66. 

^ A. H. Brooks, A Reconnaissance in the Tanana and White River Basins, U.S. Geol. 
Surv. Ann. Rep., 1900, XX, 7, pp. 425-509, mapB> m particular p. 452. 

* W. C. Mendenhall, A Reconnaissance from Resurrection Bay to the Tanana River, 
Ann. Rep. U.S. Geol, Surv., 1900, XX, 7, pp. 271-340, maps, in particular p. 313. 
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the west-south-west of this point (in long. 149° W.), where they reach the 
principal range, on the west side of which lies mount McKinley. They 
also include, to the east of tliis mountain, the valley of the Sushitna, and 
on the right bank of this river a long granite ridge rises out of them 

The structure of mount McKinley (20,e300 feet = 6,187 meters), and 
of mount Foraker (17,100 feet = 5,212 meters), which lies 24 kilometers 
more to the south, is described by Brooks as follows. 

The lowest member occurs on the north side, and is probably a true 
Archaean gneiss. We again encounter a metamorphic, often gneiss-like, 
conglomerate. Above these follows a series of schist and phyllite, alx)ve 
these again limestones, slates, and sandy beds with lower Silurian fossils, 
then Devonian limestone, which is widely distributed. Finally, a thick 
series of sandstone and shale, with Mesozoic fossils, follows on in the south. 
This last-named series completely wedges out towards the north-east. The 
highest peaks of mount McKinley and mount Foraker are probably formed 
by a band of comparatively recent intrusive granite or grano-diorite. We 
have already mentioned a second and similar granite range in the Sushitna 
valley ^ 

Thus the sediments succeed one another in the order of tlieir age, from 
north to south, while in the Romanzov range the succession is from south 
to north. — 

The principal range of the Alaska mountains rises in lat. 62° N. to heights 
of 10,000 feet, and reaches lake Clark with a height of 5,000 to 6,000 feet. 
To the east of the lake the valley of the Sushitna opens out to a breadth 
of 140 kilometers above Cook inlet. The ancient schist range rlisappears 
beneath a belt of Kenai sediments, and we reach a broad, low-lying 
alluvial land which extends to Cook inlet. 

To the west of this flat tract, on the left bank of the lower Yentna, 
rises the lonely peak of Yenlo mountain (lat. 62'" 8' N., long. 151° 15' W., 
3,000 to 4,000 feet). Pumice occurs at^its foot ; according to Spurr it is 
the most northerly of the Aleutian volcanos. 

The interior of the wild Tallceetna range is unknown. On the west it 
is lx)unded by the valley of the Sushitna, to the south-east by the Matanuska 
valley. The river Matanuska rises on the vsummit of the Copper river 
plateau, and, following a south-westerly course, reaches Knik bay. It 
seemed to Martin to lie in a trough, 11-13 kilometers broad, bounded by 
fairly straight and parallel fractures. But it is [K)ssible that the trough- 
like appearance is due to the greater resistance of the bordering rocks. 

’ G. H. Eldridf^e, A Reconnaissance in the Sushitna Basin and adjacent Territory, 
ibid., pp. 7-29, maps. 

® A. H. Brooke and D, L. Reaburn, Plan for Climbing Mount McKinley, Nat. Geol^r. 
Mag., 1903, XIV, pp. 30-35, map ; Brooks, Preliminary Repoit in U.S. Geol. Surv., 1902- 
1903, XIV, pp. 94-102 ; Geography and Geology, p. 34 et seq,, map, pi. XI. 
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Mendenhall found Aucella crassicollia and Belemnites. Brown coal and 
anthracite coal-measures, which are probably Mesozoic, are also present 

The Tordrillo range, which has been crossed by Spurr, is a secondary 
ridge of the Alaska range with ilhdefined boundaries. All its rocks are 
late Mesozoic. These are — basic lavas or tuffs, alternating with granitic 
arkose, upon these lie black shales, impure limestone, and arkose with plant- 
leniains, tlie whole forming a syncline and traversed by numerous and 
diversified dykes (aplite to gabbro). Most of them run parallel with the 
strike. The middle crest of the range (Cathedral Peak, 5,500 feet, 1,676 
meters) is a dyke of this kind, formed of quartziferous syenite, and some 
meters in breadth*. 

We must once more make a hasty survey of the fiat country at the 
head of Cook inlet. The volcanic mountain of Yenlo has been mentioned 
already. The solitary mount Sushitna, rising to the west of the mouth of 
the Sushitna, consists of granite of unknown age. Although the valley 
of the Sushitna is the most important elongation of the flat land, yet we 
shall see directly that the valleys of the Knik and Matanuska form the 
tectonic continuation of Cook inlet. 

The Alaskan peninsula (II, p. 196). Scarcely any part of the Pacific 
festoon is so well known as this peninsula, together with Shelikof strait 
and Cook inlet. Since the facts concerning this region are of an unexpected 
nature they demand close consideration. 

The lofty chain of Alaska, as we have already .seen, reaches lake Clark 
(l)ctween lats. 61° and 60° N.) on the south. A series of other great lakes — 
lliamna, Kukaklok, Naknek, Besharof — extends down through the penin- 
sula to the lakes of Ugashik, which reach lat. 57° 15' N. They all 
discharge to the west, through a belt of flat land into Bristol bay. 

A very long and narrow zone of granite, marked in places as syenite, 
extends through the peninsula, generally keeping close to the zone of the 
lakes. That it is the direct continuation of the Alaska range cannot be 
shown. It probably repre.sents a coulisse situated a little further east, 
and the isolated granite mountain Sushitna may perhaps belong to it. In 
any case it makes its appearance as a continuous zone in lat. 60° N. ; 
it becomes somewhat broader in mount Johnson, south of lake Naknek, 
strikes across the western ends of the succeeding lakes, and, according to the 
Jiccounts by Purington (in Dali), extends along the west side of the peninsula 
into the neighbourhood of Port Moller (lat. 56° N.). Grewingk marks 
it at some points even further to the south. 

Spurr was the first to show that this granite range, extending through 

' W. C. Mendenhall, Ann. Rep. Geol. Surv., XX, 7, p. -^07 et .scq. ; G. C. Martin, 
A Reconnaissance of the Matanuska Coal Field, U.S. Geol* Surv. Bull., no* 289, 1906, 
•^O^pp., map, in particular p. 17 . 

E. J. Spurr, Ann. Rep. U.S. Geol. Surv., XX, 7, pp. 149, 225, et passim. 

SOLLAB IV B b 
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four degrees of latitude, is of pre- Jurassic age ^ This is apparent from the 
presence of Jurassic granite-conglomerate and Jurassic arkose. 

Apart from the upturned schists in Woody island (Kadiak), the oldest 
sediments are the Trias beds with Pseudomonotis subcircularis at the 
entrance to Cold bay, lat. 57° 40' N., and on a promontory situated further 
north \ Pompecki assigns the fossils of Kialagvit bay (lat. 57° 30' N.) to 
the upper Lias \ 

The classification of the upper beds has been made by Martin and 
Stanton 

According to these investigators the oldest and most certainly known 
member of the Jurassic presents the following characters in the neighbour- 
hood of lat. 60° N. It begins with a bed of granitic conglomerate, followed 
by about 3,000 feet of dark sandy shales, with bands of limestone and 
many fossils. In the lower beds bivalves chiefly occur; in the upper, 
Cadoceras, Macrocephalites, Stephanoceras, Phylloceras, and other genera ; 
also numerous examples of Inoceramus, and isolated plant-remains, such as 
Sagenopteris Goeppertianxa and others. 

This is Martin’s Eaochhin (Inosskin) stage ; according to Stanton it is 
equivalent to the Kelloway. Petroleum has been found in it, and borings 
have been made to a depth of over 1,000 feet. K corresponds to the beds 
of Katmai (lat. 58° N.), previously assigned by Pompecki to the Kelloway, 
and is known far towards the south at many localities on the east side of 
the granite range. It is also visible at Anchor point (Kenai) on the opposite 
shore of Cook inlet. 

It is covered by Spurr’s Naknek stage. According to Martin’s account there 
are first 290 feet of a granite-conglomerate and ancient schist with andesitic 
ash in the matrix^ and then frequently repeated layers of sandstone and 
andesite. On the coast of Chinitna bay (west side of Cook inlet) this 
alternating series reaches a thickneSwS of over 5,000 feet. This is the 
horizon of Awcella Pallasi, Stanton also mentions forms allied to Cardio- 
ceras alternans and Cardioceras cordatum, and correlates the Naknek 

' E. J. Spurr, ibid., pp, 145-147, 2JJ2, map. A list of the older works in Qrewingk, 
p. 193. 

* In vol. IT, p. 197, the locality mentioned by Pinart is given as cape Nunakhalkak, 
situated about lat. 58® 20' N. According to Ball (Ann. Rep. U.S. Geol. Surv., XVil, 
1, p. 870) the point lies in Cold bay in lat. 57® 40' N. ; Martin (Bull. U.S. Geol. Surv., 
no. 250, p. 53) calls the same cape on the north-east side of Cold bay cape Kekurnoi. 

® J. F. Pompecki, Jura-Fossilien aus Alaska, Verb. Russ. k. Min. Ges. St. Petersb., 
1900, 2. Ser., XXXVIIT, pp. 239-280; Hyatt fAnn.Rep. U.S. Geol. Surv. XVII, 1, p. 906) 
mentions doubtful Lias in Kamishak bay (lat. SO"* - 59® 80' N.) ; Dali (ibid.) assigns 
Kialagvit to the lower Oolite. 

* G. C. Martin, The Petroleum Fields of the Pacific Coast of Alaska, U.S. Geol. Surv. 
Bull., no. 250, 1905, pp. 37-59, maps ; T. W. Stanton and Martin, Mesozoic Section on 
Cook Inlet and Alaska Peninsula, Bull. Am. Geol Soc.^ 1904, XVI, pp. 391-410, maps. 
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stage with the Volga stage o£ Russia. The Ammonites mentioned above 
suggest that somewhat lower stages are also present. 

The two members of the Jurassic, Enochkin and Naknek, extend from 
61® N. through at least five degrees of latitude. At a few localities they 
are associated with Neocomian containing Aucella crassicoUis ; near Port 
Mollcr (lat. 56® N.) the peninsula is only 9 kilometers broad, and consists 
only of the two Aucella beds. 

The middle and upper Cretaceous are known at a few localities, both as 
plant-bearing beds and as beds containing Inocerarnus. 

The Tertiary series begins with the typical Eocene containing Veneri- 
cardia planicosta^ which Palache discovered in Stepovak bay (nearly 
opposite Port Moller)b 

The coal-bearing Kenai stage occurs with regular bedding north of 
Cook inlet on the lower course of the Siishitna and in Knik bay, and attains 
a considerable development in its course through west Kenai down to 
Kacheraak bay. It also occurs near Tyonek (north of lat. 61® N.) on the 
west coast of the inlet. Andesitic ashes and tuffs are often interbedded 
with it. Isolated patches are encountered far to the south. 

The Kenai stage ivs followed on the south by conglomerates with drift- 
wood, the Unga stage of J)all, which is well known to the inhabitants on 
account of the amber it contains. It is covered by marine beds, charac- 
terized l;»y a great Crepidula^. 

The Enochkin (Kelloway) and Naknek (Volga) stage thus comprise 
a very considerable part of the east coast of the peninsula. On the west 
side of the Kenai peninsula, and probably of Kadiak island also, there are 
indications that these stages strike on beneath Cook inlet, and probably 
beneath Shelikof strait. As far as we can judge, all the lofty and recent 
volcanos are seated upon them, from Ujakushatsh (Burnt mountain or 
Redoubt volcano, lat. 60® 30' N.) onwards. The 2 }eriod of the andesitic 
(Eruptions here dates back at least as far as the Volga stage or the upper 
Jwrassic. We have already seen that in east Hokkaido the southern 
part of the volcanic zone of the Kuriles dates at least from the upper 
Cretaceous. 

Proceeding from west to east in that part of the peninsula which lies 
south of lat. 60° N., we first meet, according to Martin's account, with the 
granite range ; it forms here Grewingk's Chigmit mountains, of rugged 
aspect and with an average height of 3,500 feet (1,067 meters). Then 
follows, to all appearance, a considerable fault, and next to this a badly- 
(aiLshed and narrow anticline of the Enochkin stage, then comes a narrow 
s^yncliue, and finally a broad flat saddle (2,200 feet, 670 meters) of the same 

’ C. Palache, Geology about Chichagof Cove, Stepovak Bay, with Notes on Popof and 
Islands, in Harriman, Alaska, IV, pp. 69-98 ; Dali, tom. cit., pp. 99-111. 

These were formerly known as the Nulato beds (11, p. 197). 

B b a 



372 THE ISLAND FESTOONS AND AMERICA [part v 

stage ; on its seaward flank this is vaulted over conformably by the Naknek 
stage 

From Naknek lake, Sj^urr travelled south-east to Katniai (lat. 58® N.) 
on the east coast. Here the peninsula is 135 kilometers broad. In the 
west the land is flat ; then we reach the broad, lower part of the lake ; its 
shores are fonned of syenite and hornblende granite. Towards the east 
the lake becomes narrower. Then follows a green granitic arkose, in 
almost horizontal beds, with Jurassic fossils, and an augite-andesite whicli 
is probably contemporaneous. The arkose follows the ascent to a pass, 
3,500 feet in height, which lies between two great volcanos ; on the right 
glaciers descend. Below the piiss quantities of very hot water break 
foi'th and form a rapidly flowing stream. Towards the cast we now 
look down a broad valley in the direction of Shelikof strait. The 
arkose continues beyond the volcanos, and its bedding retains its almost 
horizontal position, only becoming slightly upturned in the direction of one 
of the volcanos. It is not until we reach the vicinity of the sea, near 
Katmai, that it again shows sliglit upturning. From this locality the 
specimens of Cadoceras and! other fos.sils described by Pompecki are 
derived. Just to the north of it, in Amalik harbour, Dali observed co«‘irse 
sandstone wdth some poor coal seams, dipping 30® N.E. ; a little further 
north, near cape Douglas, this sandstone lies horizontal, alternating with 
flows of andesite, and here it contains Sequoia Langsdorji 

Not far south of Katmai lies Cold bay. The section has been described 
by Martin. Here also the land to the west is flat. The granite range 
strikes past lake Besharof and the Ugashik lakes on the west ; it 
includes the most westerly part of lake Besharof. Then come the 
Jurassic arkoses and sandstones. Upon these rises the volcano of Peulik 
(5,0(X) feet), separating the lakes. The Enochkin stage is throwni into 
broad folds parallel to the east coast ; in the axis of an anticline wdiich is 
incomplete in the direction of the sea, or, according to another account, in 
consequence of an overthnist, the Trias is exposed to the north-eiist of 
Cold bay. The Naknek stage prevails to the south-west of this bay, 
towards the interior and also in the direction of Katmai^. 

Let us now cross Cook inlet. 

The eastern side of the Kenai peninsula is occupied by inhospitable 
ancient mountains, which we shall presently describe as the Kenai range. 
The greater part of the western side is formed by an extensive plateau of 
Kenai beds, unconformably superposed, partly on the ancient range 
mentioned above, and partly on the Mesozoic bed.s, as is showrn by 


' Martin, U.S, Geol. Surv. Bull., no. 250, 1905, p. 46, map. 

E, J. Spurr, Ann. Rep. U.S. Geo). Surv., XX, 7 ; Dali, Report on Coal and Lignite of 
Alaska, U.S. Geol. Surv. Ann. Rep., 1896, VII, 1, pp. 763-908, maps, in particular p. 798. 
^ G. 0. Martin, U.S^ Geol. Surv. Bull., no. 250, 1905, p. 50, map. 



PENINSULA OF KENAI 


373 


CH. X] 

indications on the shore. We have already pointed out that it may be 
i*(jgarde(l as the continuation of the Kenai beds of the low-lying tract 
iit the head of Cook inlet. 

Furuhjelm and Oswald Heer liavo shown that in the south of the Kenai 
peninsula, lat. 59° 21' N., the leaf-bearing beds rest unconformably on the 
ii regular surface of ciystalline rocks, and that they are characterized as 
a true freshwater deposit by Trapa, Unio, and Paludina^. From lat. 
59° 30' N. onwards, Kachernak bay, running towards the north-east, cuts 
deep into the main ])ody of the peninsula. Its north side is formed by 
a declivity, as much as 550 meters in height, which exposes numerous coal 
seams lying undisturbed one above the other. As early as the eighteenth 
century this remarkable series was mentioned by Portlock and by Russian 
investigators. It has been described by Dali and Stone 

The declivity in the direction of Kachernak is the south side of a table- 
land, almost 130 kilometers in length and 40 kilometers in breadth, which 
sinks gradually on the north towards the Turnagain arm (lat. 61° N.). 
Tlie bedding lies in broad and gentle undulations. Near cape Kussilof 
(lat. (50° 22' N.) the coal-measures sink beneath the sea. On Turnagain 
cre(jk the talJoland is only 15 meters high, but north of Turnagain it 
reappears, and from this point, as we have seen, its continuations penetrate 
into the lower part of the river valleys. 

Let us now return to Kachernak bay. 

Reneath tlic Kenai beds folded tuff and sandstone containing Jurassic 
fossils occur, and beneath these Palache observed at several localities, 
imtably in Halibut cove, red and green Radiolarian rocks, thinly bedded, 
intensely folded, and associated with diaba.se, or at one locality with gabbio. 
Kinerson thinks they may correspond with the ‘Franciscan series' of 
(California. They rest on the ancient schist of the Kenai ranged 

In the Shumagiii ijrou2J 55° 30' to 54° 30' N.) the eastern islands 
ar(i granitic ; further west, metamorphic schists and quartzites prevail. 
The largest island, Unga, lies furthest west, and nearest to the east coast 
‘>1 the peninsula where, in the neighbouring bay of Stepovak, Eocene with 
yenerii ardia planicobta is said to occur. Unga, like the island of Popof 
which lies close to it, consists of gently undulating, coal-bearing Kenai 
hc(l.s, covered by the Uega conglomerates, upon which rest marine beds 
with Crepidula^. 

* 0. Heer, Flora Foss. Alaskana, K. svenska Vet. Akad. Handl., 1869, VIII, no. 4. 

“ Ball, Ann. Rep. U.S. Geol. Surv., XVII, 1, p. 787 et seq. ; R. W. Stone, Coal Fields 
Kachemak Bay Region, Bull. U.S. Geol. Surv., 1906, no. 277, pp. 53 -73, maps. 

Kmerson, in Harriman, Alaska, IV, p. 26 ; F. H. Moffit, Gold Fields of the Turnagain 
Ann Region, Bull. U.S. Geol. Surv., 1906, no. 277, pp. 1-52, map ; in particular p. 16 

Bfq. 

‘ Dali, Ann. Rep. U.S. Geol. Surv., XVIJ, 1, p. 867 et seq., map. 
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The following is a generalized section of Cook inlet: (1) granite; 
(2) Kelloway and Volga beds, and andesitic rocks, which were erupted 
during the deposition of a part of these beds ; zone of the existing 
volcanos ; (3) Cook inlet ; (4) platform of the Kenai beds, resting first on 
(5) lower Jurassic and Radiolarian beds, and then on (6) the ancient 
Kenai range; (7) the foredeep; and (8) the Ocean. 

The Kenai plateau shows that this region was once covered with fresh 
vrater for a great distance towards the south. A comparison with other 
regions, and in particular the disposition of the Kenai beds themselves, 
enable us to recognize the existence here of a trough produced by repeated sub- 
sidences along strike faults. This is confirmed by the fact that the group of 
the Wrangell volcanos certainly lies in a trough, as we shall be able to show 
later, and that Mesozoic beds strike away in the direction of Cook inlet 
through Matanuska towards the plateau of the Copper river and towards 
Wrangell Land. We have already seen that the valley of the Matanuska 
also gave Martin the impression of a trough. 

The Aleutian islands. In spite of the general descriptions by Grewingk, 
Dali, and Becker, it is <lifficult to form any definite opinion as to the 
basement rock of tlie Aleutian islands. As yet it is known to us only at 
isolated localities, remote from one another. Diorite, resembling that of 
cape Karluk (north-west Kadiak), is mentioned as occurring in Nortli 
Unalaska ; the horneblende-andesitc of the volcanos Bogo»sslovsk and 
Grewingk, which were newly formed to the north of Unalaska in 1790 
and 1883, is said to contain boulders of a similar diorite h Attu, far to 
the west, consists of ancient rocks, such as quartzite, dioi’ite, and others. 

Tertiary sediments frequently occur; both the Ktjnai beds and the 
marine stage are represented. Basaltic or andesitic lavas are often inter- 
calated in them 

The great volcanic cones, with their broad base, play by far the most 
important part in the structure of the long arc. Not a few of them rcacli 
a height of 3,000 meters. Tlie number of volcanos wliich have been aetivt^, 
or at least smoking, since the last century may be placed at forty-two. 
according to Becker s critical list, whicli includc.s all those situated between 
the Ujakushatsh in Cook inlet (long. 152° 45' W.) and Little Sitkin (long. 
178° 30' E.). Yenlo rises on the other side of Ujakushatsh ; Kiska, on the 
other side of Little Sitkin (long. 177° 30' E.), consists of hornblende- 
andesite, and Buldir (long. 176° E.) is an ancient cone. 

We cannot look through Grewingk s and Becker’s lists without a feeling 
of astonishment at the uniform manner in which the smoking craters are 

’ Becker has described both the new volcanos in Reconnaissance of the Gold Fields of 
South Alaska, Ann. Rep. U.S. Geol. Surv. (1396^1897), 1898, XVIII, 3, p. 25 et seq. 

* Dali and Harris, Correlation Papers, Neocene, Bull. U.S. Geol. Surv., 1892, no. 
pi. Ill, p. 268. 
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distributed over this long tract. A considerable gap occurs only between the 
volcanos St. Augustine (long. 153° 51' W.) and Venjaminov (long. 159° W.), 
that is, to just beyond the middle of the peninsula of Alaska ; but from 
Pavlov (long. 161° W.) to Little Sitkin (long. 178° 30' E.) there is scarcely 
any interval gi*eater than 1^ to at most 2 degrees of longitude. Between 
these smoking volcanos lie a great number of hot springs; Venjaminov 
observed one of them (volcano of Sevidovski, long. 168° 12' E., on Unimak) 
in the rhythmically active or geyser state Transverse fissures are not 
mentioned ; the new volcanos of Bogosslovsk and Grewingk stand slightly 
inside the arc. 

The volcano of JBogosslovsJc (lat. 53° 56' N., long. 167° 57' W.) was formed, 
as already mentioned, in the year 1790. In the spring of 1883 volcanic 
plienomena were observed in its neighlx>urhood ; a second new volcano, 
to which Dali has given the name of Grervingk, began to rise out of the 
sea. In October, 1883, it reached its maximum activity, and at the same 
time, far away from this locality, the volcano of St. Augustine, in Cook 
inlet (lat. 59° 23' N., long. 153° 51' W.), burst into eruption for the first 
time since it was known, that is for at least a century. Direct communi- 
cation Jit so great a distance can scarcely be proved, but, quite apart from 
this occurrence, the Alcatian arc shows a degree of unity and continuity in 
the distribution of its eruptive centres which is hardly rivalled by any 
other volcanic series. 

The Gommunder islands^ situated far to the west, consist of two strips 
of land directed to the north-west, that is in the direction continuing the 
Aleutian arc. Bering island, the larger of the two (about 80 kilometers in 
length), is not so elevated as the other. Copper island. The presence of 
native copper on the latter has led to the conjecture that older rocks exist 
here in place. But wo now know that the copper is cast up by the sea. 
Urehnitzky and Dawson have shown that these islands, or at least the 
greater part of them, are formed of basalt and Tertiary beds. Lignite is 
known in Bering island, and the table-mountains (Stolovoi) contain marine 
fossils. At one locality in Copper island beds are known standing almost 
vertical. Earthquakes are of frequent occurrence. In clear weather the 
summits of the volcanos of Kamchatka are visible 

Many problems present themselves in connexion with the foregoing 
facts. In the islands the line of active volcanos, according to Becker, 
produces andesitic lavas exclusively. In the Tertiary beds basalts pre- 

' Grewingk, p. 132. A description of Unimak is given by F. Westdabl, Mountains on 
Unimak island, Nat. Geogr. Mag., 1903, XIV, pp. 92-99. 

“ N. A. Grebnitzky, Commander Islands, published by the Ministry of Agriculture and 
Dominions, 8vo, St. Petersburgh, 1902, 47 pp., particular pp. 3-5 ; Dawson, Geological 
Notes, &c., Bull. Am. Geol. Soc., 1894, V, pp. 123-127; and NordenskjOld, Die Umseglung 
Aaiens, p. 276. 
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dominate. In general, the Tertiary eruptive rocks are distributed, not only 
here but over the whole of the lower course of the Yukon, and in the 
islands of Bering sea down to the Asiatic coasts, in such a way that 
the existing volcanic arc appears, exactly as in Kamchatka, to I’cpresent 
the restricted remains of an eruptive activity ^vhkh teas originally wach 
more extensive. 

Equally surprising is the lie of the Tertiary sediments. On the lower 
Yukon their folding is so considerable that Spurr described the* Post-Kenai- 
Re volution * as one of the most important phases of mountain formation. 
In the peninsula of Kenai itself they form, on the other hand, in face of 
the great volcanos, a vast, downthrown, but scarcely folded platform. 
It is easy to see that the marine stage is continued far towards the west, 
and forms table-mountains, even in Bering island. But it is much harder 
to understand liow the leaf-bearing Kenai stage could find the conditions 
necessary for its formation on the other side of Cook inlet. It is true 
that in the more westerly parts of the archipelago the presence of this 
stage is only based on the occurrence of driftwood and amber, but we have 
already mentioned that near Port Mdller, on tlie west side of the peninsula, 
beds of coal are present next the open water of Bering sea (long. 160° 45' W.), 
and this is also the case in Makushkin bay, Unalaska (long. 167° W.). 

The Kenai range. Ancient rocks crop out in several of the Shuuiagin 
islands ; we may leave it an open question whether or not they belong to 
the zone which we are alKjut to discuss. Dark shales and sandstone, and 
more widely di.stributed older rocks which are not so exactly knowui, form 
Kadiak and Apognak, and the mountains of easteni and southern Kenai, 
3,000 to 4,000 feet in height ; at the end of Cook inlet tliey are separated 
from the Chugatsk range only by the Eyd of Turiiagain. At the saim^ 
time an archipelago here emerges from the sea next Chugatsk bay (Prince 
William sound), which is composed of not less than fifty rocky islands, of 
greater or less size, some as much as 3,000 feet in height, and generally 
elongated towards the north-\vest in the direction of the strike, like the 
island of Montague, 72 kilometers in length. The bay itself is .surroundc<l 
by the Chugatsk range, deeply incised by a number of fjords, Jind the 
promontories between the fjords, 5,000 to 6,000 feet in height, partly 
correspond in position to the islands mentioned above. The range is hei’e 
about 80 kilometers in breadth, and a few peaks exceed 8,000 feet. It is 
strongly glaciated and difficult of access. 

The chief features in the structure of this great range have been deter- 
mined by Schrader and his colleagues, whose self-sacrificing devotion to 
the task cannot be sufficiently acknowledged. The range surrounds the bay, 
and the strike is west-south-west to east and west. All the rocks are 
intensely folded, and inclined, as a rule, towards the north ; but, since the 
oldest strata lie towards the interior, it follows that the range is overfdded 
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toivards the soiith. On its sharply defined northern l>order mica-schist, 
quartz-schist, and crystalline limestone (Klutina series) occui* ; they are 
followed towards the south by a thick series of altered, bluish-green 
quartzite, graphitic clay-slates, also drawn-out conglomerate (Valdes series) ; 
nearer to the sea a massive arkose predominates, with a great quantity of 
black scliist and isolated beds of limestone (Orca series). In the lower part 
of the Orca series thick sheets of copper-bearing diabase are intercalated, 
(^specially in the islands of Chugatsk sound b " 

The Orca series is correlated by Emerson with the Yakutat series, 
distinguished by Russell in the region of the Elias range Fossils and 
other traces of organisms — ^which have been described by Ulrich from 
islands near the village of Kadiak — among tliem Inoceromya (very similar 
to Inoceramus), Chondrites divaricaiiis and others, l»ear a striking resem- 
l)lance to the fauna of the upper Cretaceous Flysch of the Alps. In 
Europe we should simply descri1>e these rocks as a Flysch zone on the 
outer border of the mountains. 

Survey of the Alaskides. Three principal branches play the most 
Important part in the structure of the virgation of the Alaskides, wliich 
opens out towards the west. These are : the Romanzov, Alaska, and 
Kenai mountains. 

The Romanzov range makes its appearance in long. 147'^ W, on the shore 
of the Arctic Ocean, and thence its northern border extends in an arc to cape 
Lisburne. Whore it is best known, a little to the west of the Flats, it is 
called the Endicott range, and consists of ancient gold-bearing schists, and 
further on, up to the north l)order, of Palaeozoic beds. On the other side 
of this region lies a Cretaceous and Tertiary belt which extem.ls to the 
tundra. The ancient rocks of the south side reach Bering sea in Kotzebue 
sound. 

The intrusive rocks of Sevxird jjeninsula extend across the Diomedes 
islands to Asia, and are rtjpeated elsewhere in the Chukchi peninsula. 
A long range of granite and gneiss strikes apparently to the west-north- 
west, from cape Novosiltzev to Kolyutshin and Chauii bay. Chukchi 
peninsula is the continuation of Seward peninsula and of ca part of the 
Romanzov range, but the great arc, concave to the north, which first trends 
south -south -west in the east, then west from long. 152^ W. onwards, and 
•‘>till almost west at cape Lisburne, turns probably in Kotzebue sound 
to the west-north-west in Asia and to the north-north-west in the New 
Siberian islands. 

' P. C. Schrader and A. C. Spencer, The Geology and Mineral Resources of a portion 
of the Copper River District, publ. by the U.S. Geol. Snrv., 8vo, 1901, 94 pp., maps ; 
also Schrader, A Reconnaissance of a part of Prince William Sound and the Copper 
Ifiver District, Ann. Rep. U.S. Geol. Surv. (1898), 1900, XX, 7, pp. ;M7-423, maps. 

Emerson, in Harriman, Alaska, IV, p. 46; K. 0. Ulrich, Fossils and Age of the 
Yakutat formation, tom. cit., pp. 125-144. 
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The Yukon hills, the Gold mountains, as well as the Kaiyuh 
inoiin tains, to the south of the Yukon, which reach the sea north of 
lat. 63° N., are intercalated secondary branches of the great virgation. 
The Kuskokwim mountains, terminating in cape Newenham, are, in all 
essential features, a Mesozoic syncline, and cannot be regarded as a 
secondary branch. 

The Alaska range begins on the south side of the Tanana, and for 
a short distance it runs in contact with the south side of the gneiss range 
of the Rocky mountains. It ascends rapidly to great heights, forms 
McKinley peak, loses again in height, and roaches lake Clark. 

In the Alaska range the zones of rock are arranged in an opposite 
manner to those of the Romanzov range. Gneiss appears as the foundation 
on the north side ; schists form the main range ; an intrusive ridge of 
granite probably forms the highest peaks ; a second granite range occurs 
in the Sushitna valley. Palaeozoic sediments succeed, and an outer zone 
of Mesozoic slopes away towards the plateau of the Copper river. 

The long Mesozoic range, which bears the great volcanos in the Aleutian 
archipelago and the peninsula of Alaska, i.s continued through the Matanuska 
valley into the western border of the plateau of the Copper river, and at 
the same time into the Mesozoic outer border of the Alaska range. Knik 
bay becomes the tectonic continuation of Cook inlet, and this inlet, along 
with Shelikof strait, assumes the characters of a fault-trough, owing to the 
presence of the Tertiary platform in Kenai. 

Although traces of Tertiary, and even more recent, volcanic activity are 
scattered throughout the basin of the lower Yukon, and far and wide 
through Alaska, the islands of Bering sea and Chukchi land, yet no cone 
of any height, nor any active volcano, is anywhere to be scon, except along 
the arc of the Aleutian islands. 

The rugged Kenai range includes east Kenai and, at tlie least, Kadiak 
also. It consists, so far as it i.s yet known, of ancient altered sediments, 
and a Flysch-Jike outer zone on the south ; the order of the zones of rock 
corresponds with that of the Alaska range, that is, the younger belt lies in 
the south. 

Then follows the foredeep. 

In all essential characters the Alaskides correspond ivith the 'marginal 
arcs of Asia, They are a member of the same series. They enter into 
.syntaxis with the Rocky mountains and the Elias range. To these wo 
shall now turn our attention. 
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CHAPTER XI 

THE END OF THE ISLAND FESTOONS 

Introduction. 1. Rocky mountains, south and south-east. Wyoming and Montana. 
Mackenzie river. Entry of the Rocky mountains into the syntaxis. 2. Beginning of 
the Intermediate range. Wrangell volcanos. The Columbian grano-diorite. 3. Elias 
r.inge. Alexander archipelago. 4. Continuation of the Intermediate range. Vancouver. 
Transverse section in lat. 49’ N. Cascade range. 

When wo previously attempted to give a general survey of North 
America (I, p. 553), scarcely anything was known of the structure of 
the Alaskides and of Mexico. The syntaxis of Cliugatsk and the con- 
nexion of the Antilles with the mainland were, it is true, correctly conceived, 
as is shown by subsequent investigation, l)ut of Central America our 
knowledge was so slight, that, following Humboldt, we still assumed 
a separation of the chains near Tehuantepec, while in fact no such separa- 
tion exists. 

Our studies in the north have now clearly exposed the Asiatic structure 
of the Alaskides. 

In the preceding chapter we showed tliat the same structural plan and 
the same elements arc repeater! in the Okhotides, the Anadyrides, and the 
Alaskides, and that they are very nearly the same in all the peripheral 
sti-uctures of Asia. While, however, the Alaskides, though not situated on 
the periphijry of Asia, reproduce these characters, yet in the syntaxis on the 
east they so closely resemlde the south-easterly trending chains of western 
America that, as we liave already seen, Brooks applied the names Rock}" 
Mountains, Central Plateau Region, and Pacific Mountains System, on botli 
sides of the syntaxis, thus following in the main the division into Rock}^ 
Mountains, Interior Plateau, and Coast Ranges, which Dawson has suggeste^l 
for Canada in 1879. 

We have already explained our reasons for making a change of name 
in passing from one side of a syntaxis to the other; hut with the exception 
of the altered strike there is mucli resemblance on the two sides even with 
regard to the structure. For example, the Alaskides consist of an outer 
part folded towards the Pacific Ocean (Kenai, Alaska range), and an inner 
part, turned away from the Ocean and foldeil in the opposite direction 
(Bornanzov) ; and in the chains running to the south-east the same opposi- 
tion is to be found between a part turned towards the Ocean and folded in 
the same direction (Elias range), and another part (the Rocky mountains) 
folded towards the east. 
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The Asiatic elements are present, but they do not achieve the formation 
of another are. To what extent this has been prevented by the position of 
Laurentia is diiRcult to determine. A peculiar, oblique division into 
coulisvses, which distinguishes the whole range of the Rocky mountains, 
is repeated in New Mexico. The free ends of the Rocky mountains, 
resolved into coulisses, lie on the soutli-east side of tlie Colorado Plateau 
(Sangre de Cristo, among other ranges, I, pi. VI). They form the eastern 
extremity of the Asiotio stnichire. 

The second element, the Interior Plateau Region, is not very clearly 
defined in Alaska, and there includes many intermediate members. The 
Central Plateau of Dawson, however, owes its name to a Tertiary platform 
beneath which folded chains continue their course. Orographically, it is 
a very striking part of the system, but its <li8tinction rests on a secondary 
phenomenon only. Dawson himself subsequent!}?' recognized only the 
Rocky mountains and Coast ranges b We shall adopt a slightly diflerent 
conception of this part of the .system. We will term it for the present the 
Interrnalwte range. The third, and western, elements will then be repre- 
sented by the Elias range. It terminates fairly far in the north, while the 
Intennediate range, or features closely allied to it, are continued much 
further south. 

In the south the rigid Colorado Plateau (I, p. 569), which extends from 
lat. 33^-34® to lat. 40*^ N., and from long. 114° to 106° W., stands opposed 
to tlio long chains which come from the syntaxis. The Colorado river has 
cut through the whole stratified succession down to the Archaean gnei.ss. 
This is covered uncon formal )ly liy the Algonkian series. This series has 
also been folded and worn down. It is covered, also unconformably, by a 
flat-bedded series, whicli dates, according to Walcott, from the middle Cam- 
brian period at least. Since that period the plateau has been subjected to 
fracture and flexure, but, in contrast to its surroundings, has remainerl 
exempt from folding^. 

Near long. 104° W. and lat. 36° 50' N. lies the town of Folsom ; 9 kilo- 
meters to the south of this locality the slender cone of mount Caimlin 
(9,000 feet, 2,743 meters) rises 837 meters above a lava field with many 
small volcanos. North of Folsom the broad basaltic Mesii do Majo iises to 
a far greater height than the base of mount Capulin. Towards the west 
it lies up against the slopes of Sangre de Cristo. This chain terminates 
rather suddenly near lat. 35° 30' N. The ba.salt platform, here known as 

* G. M. Dawson, Physical Geography and Geology of Canada, reprinted from th«^ 
Handbook uf Canada issued by the Hritish Association, 8vo, Toronto, 1897, 48 pp., in 
particular p. 38. 

* C. D. Walcott, Pre-Cambrian Igneous Rocks of the Unkar Terrane, Grand Canyon, 
with Notes on the petrographical character of the Lavas, by J. P. Iddings, Rep. U.S. Geol. 
Surv., 1890, XIV, pp, 497- 524, maps j also Davis, Bull. Mus. Comp. Zool. Harvard College, 
1901. V. 
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the Mesa do Raton, and further away as the Plateau do las Vegas (1,800 
meters), forms a belt around the southern en<l of Sangre do Cristo. The 
basalt covering is here 600 meters thick, and i*ests chiefly on folded 
(h’etaccous, lying in front of the coulisses. It priisents a long and narrow 



Fkj. 2<). The Colorado Plateau (nfter Dutton). 

Tho darker parts are volcanic rocks. The Uinta mountains are included on tlu> north. 

continuation to the south, the Glorieta plateau (east of Santa 1 6 ; further 
away, Galisteo Divide). Still further south, another long scries of shorter 
borsts (Sandia, M anzano, Serra Oscura, Serra Andreas, and others) succeeds, 
cut up by more or less meridional faults. Since folding and overthrusting 
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are still to be seen in the south (Caballos mountains, lat. 33® N.) the struc- 
ture presents no small resemblance to that of the Basin Banges. Volcanos, 
some of very recent date, accompany this system, the fractures of which 
are in part. post-Tertiary. The stratified succession approaches that of 
Texas ; crystalline rock is overlain by Carboniferous limestone, the Red 
series, and the Cretaceous from the Dakota stage upwards. 

The troughs between the horsts are filled high with debris and pebbles. 
The largest and most southerly of these troughs, the once ill-famed Jornada 
del Muerto (Death ride), extends for a distance of 320 kilometers, to lat. 32® N. 
and beyond ; it is a true ‘ bolson ’ [closed basin]. 

The course of the Rio Grande marks approximately the western border 
of this structure from lat. 35® 30' onwards. Here we have the free ends 
of the Rocky mountains *. 

In our brief survey of the structure of the Rocky mountains we will 
start from these southern latitudes. Having reached the syntaxis in the 
extreme north, we will again turn to the south and consider the western 
chaims. We take the chains in this unasual order because we are thus 
enabled to discuss the .syntaxis as a whole, and also its relations to the 
Alaskides. 


1. The Rocky Mountains (I, p. 561, pi. VI). 

The south. The description already given of this part of the mountains 
enables us to deal briefly with it here. The Rocky mountains, approaching 
the Colorado plateau from the north like so many waves, are stowed 
against its northern border and propagated along its eastern side in the 
direction of their free ends. 

The stowing of the first wave gives rise to the Uinta range, with its 
westerly trend. On the north-east border of the plateau this wave 
turns right round to the south, forming the Elk mountains, the great 
Sawatch and the southerly -trending Sangre de Cristo with its smaller out- 
runners. The second coulisse, dammed back at a considerable distance 
from the first, forms Park range and South park, and terminates in the 
Wet mountains (east of Sangre de Cristo). The third forms Medicine 
Bow range and Front range. On the continuation to the north- we.st of 
this or the preceding coulisse, lies Wind River range, which forms, together 
with the Grand Teton, the north-east side of the triangular area draining 

’ R. Hill, Volcanic Areas of Eastern New Mexico, Bull. Am. Geol. Soc., 1892, III, 
p. 98 et passim ; for the foundation of the basalt, Sangre de Cristo, P. H. van Diest, 
Plic*ation of the Coal Measures in south-eastern Colorado and north-eastern New Mexico, 
Proc. Colorado Sci. Soc., 1888-1890, III, pp. 18.5^190; for the south, W. T. Lee, Water 
Resources of the Rio Grande Valley in New Mexico, U.S. Geol. Surv. Water Supply and 
Irrigation Papers, 1907, no. 188, .59 pp., map ; further, C. R. Keyes, Geology and Under- 
ground Water Conditions of the Jornado del Muerto, New Mexico, op. cit., 1905, no. 123, 
42 pp., map. 
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into the upper course of the Green river. The south side is formed by the 
Uinta mountains, and the west side by the chains, striking north and 
south, which do not belong to the Rocky mountains. The fourth and last 
coulisse is the Laramie mountains, and in this the deflexion to the west is 
lost ; it runs almost due north-north-west. 

The free end of each of these coulisses is directed to the south or south- 
south-east and lies further to the north and east than the end preceding 
it. This arrangement gives rise to the re-entrant angles (parks or embay- 
inents) which open towards the south-south-east on the eastern border of 
the range. 

The sedimentary covering of the great Archaean gneiss-masses not only 
forms a belt with upturned basset edges following these ernbayments of 
the mountain border, but it also runs deep into the high range, in the form 
of pinched-in coulisse-boundaries. 

Thus, we have a plan resembling that produced by the flat-foldings 
at the ends of Mont Blanc and the Aar mass. But since great faults 
are present, which cut through the folds at an acute angle, we are left in 
doubt as to whether we are dealing with true horsts or a common arching- 
up of the longitudinal axes of anticlines, as in the Alps. 

From Huerfano parje onwards, a continuous strip of sediments separates 
the fir-st from the second coulisse as far as the mines of Leadville and Ten 
Mile. Fig. 30 gives the plan of the range e^ist of Leadville, according 
to Emmons. Emmons perceived that, later disturbances apart, these 
regions are dominated by a general folding which strikes N. 30°-40® W., 
that is, obliquely to this part of the range. At the point where the 
Mos<juito fault reaches the north edge of the map its throw is estimated at 
1 ,500 meters. Towards the north the throw becomes still greater and the 
fault turns towards the north-west, following the direction of the Sawatcli 
range. 

On the south follow the London and Weston faults; along all these 
lines the downthrow is to the west ; the several fragments of the range 
thus cut up show traces of the ancient folding. A syncliiie has been 
preserved extending almost across the whole breadth of the Mosquito range, 
and the upper Carboniferous on Mosquito peak still reaches a height of 
4,199 meters ^ (I, p. 565). 

The same phenomenon, namely, the division of the great range into 
a number of oblique coulisses running across its main strike, occurs under 
the most diverse circumstances. To the north of lat. 40° N., where for 

* F. S. Emmons, Geology and Mining Industry of Leadville, Colorado, U.S. Geol. Suit., 
Monograph XII, atlas, 1886, and Ten-Mile District, Colorado, Special-Folio, U.S. GeoL 
8urv., atlas, 1898. Another adminible example is afforded by Manitou-Embayment : 
W,0. Crosby, Archaeau-Cambrian Contact near Manitou, Colorado, Bull. Am. Geol. Soc., 
i899, X, pp. 141-164, maps. 







BIG HOEN BASIN 


385 


CH. Xl] 


a certain distance no Palaeozoic sediments are visible, a number of embay- 
ments occur on the east border. Emmons and his colleagues interpret the 


ridges between them as true anti- 
clines \ 

The strangest form on the outer 
Ijorder of the Rocky mountains is the 
almost circular range which cuts off 
the Big Horn basin from the prairie 
(lat. 43^ 10' to 45^ 30' N., Cloud Peak, 
4,100 meters). But if we examine 
the map published by Eldridge, and 
the later map by Carton, w'e see that, 
although the flexures which bound 
the liorsts liave the most decided 
iiirtuence on the existing configura- 
tion, yet this structure also consists 
of oblic[ue folds, separated by ernbay- 
ments. The Owl mountains, which 
complete the ring in the soutli, have 
the orographic direction N. 70° W., 
they consist, however, of at least four 
anticlines, ranged one after the other, 
with a strike of N. 50° to 60° W, 

Even the Black Hills of Dakota, 
which are cited as tlie type of an 
isolated dome-shaped elevation, are 
(•longated in the same direction, and 
smaller secondary folds, which occur 
towards the west, lead us to con jecture 
a similar origin in this case also 
(I, p. 559). 

In none of these regions is the 
folding markedly inclined either to- 
wards the east or towards the west, 
and the numerous oblique anticlines 
which follow one after the other are 
all fairly symmetrical. 



Fig. 31. ^ Folds m echelon' (Whitney) 

the outer edge of the Colorado range (after Em- 
inonds. Cross, and Eldridgo). Af Archaean ; 
T, Trias ; J, Jurassic ; /), Dakota Sandstone 
(Conomanlau) ; c, Ilighcr sta\gos of the 
Cretaceous. Heights in feet, some in i-ound 
numbers. 


North Wyoming and South Montana, We have now reached the 
latitude of the Yellowstone park. In the valley of the Snake river floods 


^ Kmmons, Cross, and Eldridge, Geology of Denver Basin, Colorado, U.S. Geol* Surv,, 
Monograph XXVII, 1S9C, p. 80, pi. IX. 

G. II. Eldridge, G-eological Reconuaissance in north-west Wyoming, Bull. U.S. Geol. 
no. 119, 1894, 72 pp,, map, in particular pp. 16 and 37 ; N# H. Darton, Geology of 
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of lava extend far towards the west ; isolated ash cones rise above them. 
Between longs. 116° and 117° W,, where the lavas diminish, a Tertiary 
lake-bottom occurs. In the east, about lat. 111° W., these lavas, which 
arc chiefly basic, end close to the Yellowstone park, in which acid (iruptive 
rooks predominate. A great volcanic zone tlms cuts through both the 
western cordilleras and the Kocky mountains. 

The folded chains, proceeding from the south, which form the west 
border of the plain of the upper Green river, disappear beneath these flows 
and ejectamenta on reaching the upper Snake river east and west of 
long. 111° W. East of this locality the situation is made clear by the 
instructive descriptions of the Yellowstone Park by Hague, Iddings, 
and Weedb 

The Grand Teton trends north and south, and is thrown down on its 
east side, along a north and south fault, against Jackson lake. Its northern 
part penetrates like a spur into the volcanic ejectamenta of the Yellowstone 
park. It is ticcoinpanied by several meridional faults ; one of these, on its 
west side, brings Cretaceous against Carboniferous, the next Carboniferous 
against Arcliaean gneiss: and another, on the (‘ast side, brings Cretaceous 
against Carboniferous. This last-named strip of Cretaceous reaches the 
south shore of the Yellowstone lake. It is thrown into folds, broken up, 
and partly buried beneath plateaux of etiusive rocks (Huckleberry moun- 
tains, Big Game ridge, and others). Regarded as a wdiole, however, the 
north end of the Teton is a horst sinking on the north beneath tlie aslies 
and lavas. 

Such is the situation in the south of the Yellowstone park. In the 
north-w^est it is very similar. Archaean rocks crop out from beneath tlie 
lavas between long. 110° 40' and 110° 58' W., almost in the meridian of 
the Archaean rocks of the Teton, the western scarp of which lies in 
long. 110° 49' W. The rocks are also traversed by faults along which the 
sediments are downthrown. This is the beginning of the Gallatin range, 
wdiich runs towards the north, and, owing to the volcanic accumulations 
piled upon it, attains a considerable height and breadth. 

If we now join to the maps of the Yellowstone park those of the 
adjacent areas on the east and north, w^hich w^e owe to Hague, we shall 
find on the north border, and adjoining the rocks of the Gallatin range, 
another Archaean formation traversed by faults, the Buffalo plateau^ upon 

the Bighorn Mountains, U.S. Geol, Surv. Professional Papers, no. 51, 1906, 129 pp., map. 
In particular Sheep Mountain Anticline and North and South Fork of the Powder River 
Synclinc, Dry Fork Anticline, and others ; also, for the breaking up of the coulisses, 
C. A. Fisher, Geology and Water Resources of the Bighorn Basin, op. cit., no. 53, 1906, 
72 pp., map. 

^ A. Hague, Iddings, and Weed, Geology of the Yellowstone National Park, Part lb 
U.S. Geol. Surv., Monograph no. XXXII, 1899, p. 149 et seq., Geol. atlas, fol. no. 30. 
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CH. Xl] 

(rhich 2 ^atches of Camhrkin sediments are horizontally swperj)osed ; still 
furtlier towards the cast and north-east rises an inhospitable and lofty 
Archaean mass, which is known as Snmvy ranye, and more to the east as 
Bcartooth, It projects across the border of the Rocky mountains like an 
alien l)ody, and is surrounded towards the south-west, that is, towards 
tlie Absaroka range (formed of volcanic ejectamonta) and the Yellowstone 
park, by a very long Palaeozoic border, which slopes regularly towards 
the south and south-west. The Cambrian sediments form a girdle of 
1, asset edges.'^ 

The Yellow^stone park is thus seen to 1)C a region of subsidence or 
inlu'cak. In the south and north-west the faults run mostly north and 
south; severtal of them present a throw of over 1,000 meters. In the 
north-east, on the other Iiand, the Beartootli mass slopes with a gently 
inclined, regular surface beneath the lavas. 

This mass marks the beginning of a mountainous region which starts 
south of lat. 45® N. and extends beyond lat. 47® N., thus including the 
liounrlary of Wyoming and Montana ; it differs in structure from the rest 
of file Rocky mountains, and, owing to the comparatively trifling thickness 
of its volcanic covering, it exhibits even more clearly the signs of subsidence. 
The several parts of this* range are horsts of gneiss, covered here and there 
with patches of flat-lying Camlirian or pre-Caml>rian sediments, and broken 
up by fractures and troughs running in the most diverse directions, in 
which the sedimentary scries up to and including the Laramie stage is let 
down in a shattered condition. 

I'hc most important of these horsts arc: Beartootli (together with 
Snowy range) ; to the north-west of this and in continuation of the 
(hillatin mountains, Bridyer ranye ; to the west and north-west of this the 
Great Belt mou ntains^ and to the east and nortli-east of these the Little 
Belt mountains^ which extend across the common mountain border for 
a great distance towards the east and away in the prairie, still faii'ly far to 
tlui east, find an isolated continuation known as the Snoiry moimtams 
(not Snowy range). Witliin this region, west of the narrow Bridger range, 
iind surrounded by these horsts, there lies a piece of level country in 
which (near lat. 45® 55' N., long. IIP 30' W.) the Missouri is formed by 
the confluence, near the Three Forks, of three rivers, the Jefferson, the 
l^tadison, and the Gallatin. In this region, also, the Palaeozoic series is 
completed by the occurrence of the Belt stage. Weed describes this stage 
as 12,000 feet thick, formed of quartzite and sandstone below (Neihart 
quartzite), and then of shales and limestone in repeated alternation^ 
According to W alcott, it is covered unconformably by the lowest beds of 
the middle Cambrian, rests unconformably on Archaean rock, and contains 
organic remains, which occur somewhere near the middle in the Grayson 

' A. Hague, Absaroka, fol. no. 52, 1899, and Livingston, fol. no. 1, 1894. 
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shales. Some of those fossils are supposed to be traces of Merostomes. 
The Belt stage is often regarded as a part of the Algoiikian ^ 

On the north side of the Beartooth mass, traces of the oblique coulisse 
folding may be seen in the narrow outer border which adjoins the prairie. 
The east border of the Bridger range is partly overfolded in the direction 
of the prairie. The fascicle of folds, distorted along the strike, which occurs 
at the Tfiree Forks, and thus right between the horsts, is overfolded 
towanis the south-east. It has been described hy PealF. 

Castle mov.ntainSy the southern foothills of the Belt mountains, are, 
according to Weed and Pirsson, a fragment of the Belt stage, broken 
through by a now denuded volcano 

The Little Belt mountains resemble in many respects the Beartooth 
mass. According to Weed s description, tliey form a very flat boss of 
gneiss, regularly suri'oimded by a border of stratified rocks ranging from 
the Belt stage into the Cretaceous, which flattens out as it^ passes into 
the Cretaceous of the prairie. From Togo peak onwards, on the east 
side of these mountains, a syenite cicatrix of irregular outline, from 
22 to 24 kilometers in length, and as much as one to six kilometers in 
breadtli, extends towards the north-east. To all appearance it stands in 
some connexion, l»cneath the surface, with the iramerous largo laccolites 
which occur in the north and north-east part of the Little Belt mountains ; 
these have forced their way for the most part through the least resistant 
Cambrian shales, and have given rise to lx)il-like intumescences b 

Outside this region isolated volcanic intrusions are scattered far over 
the prairie, sometimes surrounded by arched beds, sometimes by flat-lying 
beds, and very often by a broad gir<lle of radiating dykes. Striking 
examples are furnished l)y the Highwood (lat. 44° 30' N.,long. 110° 30' W.), 
Crazy (lat. 46° N., long. 110° 15' W.), and Judith mountains (lat. 47° 3' to 
47° 18' N., and long. 108° 57' to 109° 25' W.) 

It seems that a region exists in the north of the Yellowstone park in 
which the scarcely perceptible oblique folding is replaced by a general 

' C. D. Walcott, Pre-Cambrian fossil iferou.s Formations, Bull. Am. Geol. Soc., 1899, X, 
pp. 199-244. 

* A. C. Peale, Palaeozoic Section in the Vicinity of Three Forks, Montana, Bull. U.S. 
Geol. Surv., no. 110, 1893, 56 pp,, map ; and Three Forks, fol. no. 24, 1896. 

^ W. H. Weed and L. V. Pirsson, Geology of the Castle Mountain Mining District, 
Montana, Bull. U.S. Geol. Surv., no. 139, 1896, 164 ])p,, maps. 

* W. H. Weed, Geology of the Little Belt Mountains, Montana, Ann. Rep. U.S. Geol. 
Surv., XX, 3, 1900, pp. 271-581, maps ; Weed and Pirsson, Little Belt Mountains, fol. 
no. 56, 1899. 

® W. H. Weed and L. Y. Pirsson, Highwood Mountains, Montana, Bull. Am. Geol- 
Soc., 1895, VI, pp. 389-422 ; J. K, Wolff, Geology of the Crazy Mountains, Montana, 
op. cit., 1892, III, pp. 445- 452, map ; Weed and Pirsson, Geology and Mining Resources 
oF the Judith Mountains, Montana, Ann. Pep. U.S. Geol. Surv., XVIII, 3, 1898, pp. 437" 
621, maps. 
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subsidence of the niountaiiLs along great faults striking in different direc- 
tions ; it resembles a fragment of foreland broken down and divided into 
Jiorsts rather than the fragment of a mountain chain. If, however, we 
look further west for a possible continuation of the Rocky mountains, we 
vouch, on the other side of long. 112° W., south of Helena, a granite mass 
alout 64 kilometers in breadth and 112 kilometers in length, which 
ijicludes the rich mining district of Butte. This granite is not old ; it 
alters the Carboniferous limestone in contact- with it, and is therefore 
younger than the Carboniferous, possibly very much youngcu' 

The investigations of Weed on the north of the region in question have 
•shown Ijeyond dispute that the volcanic intrusions, especially the laccolites 
of the Little Belt mountains, have arisen simultaneously witli the ilislocations. 

We thus arrive at the following results: from the middle Cambrian 
onwards, up to and including the Laramie stage, tlie beds, notwithstanding 
some gaps, lie to all appearance conformably. Towards the conclusion of 
tlie Laramie stage very great disturbances set in, the results of which are 
seen along tlio whole eastern border of the Rocky mountains but from the 
Yollowstouo park to a little l)cyond lat. 47° N. the sinking laovement was 
so [)reponderant tliat folding is scarcely perceptible except in local pinched-in 
strips along faults. • 

The North, North of the Belt mountains the structure of the mountain 


border changes. Here again the strike is similar to that jn the south, 
X. 10'~20° W. ; coulisses also occur here, but as a rule they are very long and 
bulky; further to the north an ivsolated coulisse may occasionally extend in 
front of the mountains. Here commences a great overthrusting to the east 
upon the Cretaceous of the prairie, which is likewise folded. 

The region between lat. 48° and 49° N. has been rendered familiar by 
Bailey Willis -. 

The border is formed by Lends range^ but this coulisse dies away 
a little north of lat. 49° N. The Livingston ranges which follows towards 
the west, does not emerge to the south of it, as is the rule, but comes up 
Itirtlier to tlie north and is again lost to view in lat. 48° 45' N. Both these 
great ranges are formed by the Belt stage, and together they enclose a great 
i^yncline, from which rises a feeble anticline bearing the highest peak 
(mount Cleveland, 3,263 meters). Livingston range is cut off on the west 

a strike fault, on the other side of which Carboniferous limestone makes 
hs appearance. Lewis range terminates cai the cast, next the prairie, 
along an irregular line of steep cliffs, often more than 1,300 meters in 


^ R Emmons and G. W. Tower, Butte, special fob, no. 38, 1897, 

Bailey Willis, Stratigraphy and Structure, Lewis and Livingston Ranges, Montana, 
mill. Am. Geol. Soc., 1902, XIII, pp. 305-352, map ; for the intermediate region to the 
R. IL Chapman, Structure of the Rocky Mountains in the Lewis and Clarke Timber 
Reserve, Montana, Trans. Am. Inst. M.E., 1899, 4 pp., map. For the region to the west 
<>ni6^ B. Willis, in Bull. U.S. Geol. Surv., no. 40, 1887, x>l. 1. 
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height, and composed for the most part of limestone belonging to the Belt 
stage. These cliffs form the border of the Palaeozoic formations, which are 
thrust over the Cretaceous; the inclination of the thrust-plane is very 
gentle, usually ranging from below S'’ to 7® 45', and directed towards the 
south-west ; its breadth amounts to at least 11 kilometers. The irregularity 
and the steepness of the border are caused by the giving way of rocky 
masses of the Belt beds, which lie above the more destructible Cretcaceous ; 
Ch ief mmintainy which stands isolated in front of the border in lat. 48'’ 56' N., 
bears witness to this process ; it consists in its upper part of Caml)rian or 
pre-Cambrian Belt limestone, in its lower part of Cretaceous Ijclonging to 
the Benton stage (pi. III). 

To the west of these great overthrusts the Belt stage extends far into 
the range. It certainly reaches long. 117'’ W. Lindgren here distinguishes 
a chain, under the name of the Cimir cVAlhxc mountains, which extends 
from the Lolo pass (lat. 46^^ 35' N., long. 114'’ 20' W.) towards the north- 
west iicross the lake of Cteiir dAlene, an<l consists of the same rocks. 
Walcott luus shown that the l)eds of the eastern border extend up to this 
point ; their thickness here is surprisingly great, they are unconforrnably 
overlain by middle Cambrian sediments, and at the same time present 
astonishingly few signs of disturbance^. » 

Near the Canadian frontier an extremely long and almost rectilinear 
furrow commences its course. It strikes to the north-north-east, parallel 
to the outer border, and crosses the 49th parallel near long. 115'’ W. 
Here it serves for some distance as the bed of the Kootenay river*; then 
it takes in part of Columbia river, and afterwards Canoe river and the 
upper course of the Frasei’ to some di.stanco beyond lat. 54° N. Up to tiiis 
point its waters discharge into the Pacific Ocean, In lat. 54'’ 30' N. it 
forms the valle}- of the Parsnip, and then of the Finlay river as far as 
lat. 58'’ N. and beyond, but from the Paranip river onwards the watei’s 
flow to the Arctic Ocean. 

Daly has devoted particular attention to this line ; he believed that it 
was continued as far as the Liard, and named it the ‘ Rocky-rnountain 
Trench The significance of this line of depression, which may Ix) 
recognized through at least 9 degrees of latitude, is not known, — 

* W. Lindgren, A geological Reconnaissance across the Bitterroot Range and Clear- 
water Mountains, U.S. Geol. Surv. Professional Pajiers, no. 27, 1904, 123 pj)., maps, in 
particular i>p. 16 and 81 ; Walcott, Algonkian Formation of north-western Montana, 
Bull. Am. Geol. Soc., 1906, XVII, pp. 1-28, map. 

* J. McEvoy, Summary Report, in Geol. Surv. Canada, Ann. Rep. (new ser.), XII, 
1902, p. 87 A. 

* R. A. Daly, Nomenclature of the North American Cordillera between the 47tli and 
53rd Parallels of Latitude, Geogr. Journ., 1906, pp. 586-606, map on p. 588. 
only features which might possibly be compared to these are the Scandinavian 
(III, p. 393). 
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CH.XI] SECTION ON THE GHOST RIVER 

We will first trace the outer border of the range. It is characterized 
))y violent overthrusting towards the east, by a number of long coulisses 
which lie in front of it, and, above all, by the fact that towards the north 
the folding encroaches more and more on the stratified series of the foreland, 
which is formed exclusively of Devonian, middle and upper Cretaceous, and 
Tertiary. 

Even in the south the Cretaceous of the foreland is included in the 
folding to a considerable extent. The overthrusting of Chief mountain 
near lat. 49° N. is followed towards the north, at least as far as lat. 53° N., 
by a zone in which the eastern part of the range is at first broken up into 
long flakes of Palaeozoic and Cretaceous beds, with a general dip towards 
the west and a strike to the north-north-west (Livingstone, High Rock 
Range, and others) Towards the west, that is, towards the interior of the 
range, the Cretaceous disappears. 

A section has been drawn by G. M. Dawson from Revelstoke on the 
Columlna (lat. 51° N.) north-eastwards to Donald (lat. 51° 30' N.), and 



Fio. JJ2. Chiff’r bonltY of the Eocky mounhiim on the GJmt River, South Canada (after McConnell). 
(\ Castle mountain group, Caiiibro-Siluriaii ; F, Devonian ; G, Banff limestone, Permo-Car- 
boniferous ; cr, CretacooTis. 

McConnell has continued it in an easterly direction from this point to the 
outer border -. Let us follow this completed section. To the west, in the 
Selkirk range, and even still further west, gneiss predominates, then come 
ancient schists, next the equivalents of the Castle-mountain group (Cainbro- 
►Silurian), along with the older Bow-river series, and finally a great over- 
thrust directed to the east. The succeeding rocks are probably Silurian. 

Near Donald, on the Columbia river, a Cambrian anticline makes its 
appearance. From this point to the Sawback range, a distance of 60 kilo- 
meters, there extends a fairly regular succession of Cambrian and Silurian 
anticlines and synclines, the first of the synclines being, perhaps, overfolded 
towards the west. From the Sawback range onwards, 36 kilometers from 

’ Here we may mention the map by Leach in Ann. Rep. Geol. Surv. Can. (1902-1903) 
1906, XV, and the sectiona by Dowling, tom. cit., AA, p. 86 et seq. ; then D. D. Cairnes, 
Moose Mountain District, op. cit., 1907, 55 pp., maps. All the Cretaceous coal-measures 
are folded. 

* G. M. Dawson, Geological Structure of the Selkirk Region, Bull. Am. Geol. Soc., 
1891, IL pp. 165-176 ; R. G. McConnell, Geological Structure of a portion of the Rocky 
Mountains, accompanied by a section measured near lat. 51® N., Ann. Rep. Geol. Surv. 
Canada, 1887, part D, 41 pp. The same Archaean mass is described by A. Bowman in 
hit. 52® 50', tom. cit., part C, 49 pp., map. 
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the eastern border of the Rocky mountains, we meet with the Castle- 
mountain group, Devonian, Carboniferous, and finally Cretaceous. From 
tills point onwards the Palaeozoic series is divided into seven flakes, over- 
riding each other towards the east. On the outer border the Castle- 
mountain group overlies the Cretaceous for a distance of 3 kilometers. 
McConnell estimates the extent of this almost liorizontal overthrusting at 
about 10’5 kilometers. In the interior of the range some of the flakes 
pass into overfolded anticlines. 

On the upper Athabasca, north of lat. 52° 30' N., McEvoy met with 
folded Archaean and Cambrian rocks, then, after a great fault, Devonian 
and Carboniferous, steeply upturned on the border of the range, but not 
overlying the Cretaceous b 

Further north the flakes set in again. 

In lat. 56° N., on the Peace rivei\ McConnell marks six flakes of 
Palaeozoic beds overthrust towards the east, and the more easterly of these 
include pinched-in Trias ; the dip is invariably to the west. This section 
is followed on the west by Archaean rocks, which liave been traced as far 
as lat. 57° 40' N. along the Pai’snip and Finlay rivers. In this region the 
great longitudinal furrow lies in the strike of a strip of Palaeozoic, which 
is pinched-in between two Archaean flakes • 

A little north of lat. SG*’ N. the lower Palaeozoic beds disappear in the 
foreland; on the torder of the Canadian shield ]\Iiddle Devonian rests 
directly on the Laurentian gneiss, and is followed by the Dakota stagi* 
(Cenomanian) (II, p. 232). 

Let us follow further the guidance of McConnell along the border of the 
Rocky mountains 

The strike to north- north-west or north-west is maintained, and in 
lat, 59° SCy N., long. 126° W., the outer l)order of the range, presenting 
peaks of from 900 to 1,200 meters in height, reaches the river Liard, close 
beneath what was once Fort Halkett. To the east of this point shorter 
ranges of Palaeozoic crinoidal-limestone and Trias are cut through l^y tlie 
Liard. In long. 124° 40' W. these ranges t(?rminate, and the river cuts its 
bed as much as 300 meters deep in horizontal Cretaceous beds. On the 
other side of lat. 60° N., between longs. 124° and 123° 30' W., fresh Cambrian 
coulisses, striking to the north-north-west, crop out near Fort Liard, on the 
left bank of the river. Here there is still a distinct contrast between the 
foreland, in which the Liard exposes liorizontal beds of Devonian and 

' J. McEvoy, Geology and Natural flesourccH of the country traversed by the Yellow 
Head Pass, Ann. Rep. Geol. Soc. Can., 1901, new ser., XI, part D, 41 pp., map. 

* R. G. McConnell, Report on an Exploiution of the Rivers Finlay and Omenica, Ann- 
Rep. Geol. Surv. Can., 1894, new ser., Vlf, pai-t C, 45 pp., map. 

’ R. G. McConnell, Exploration of the Bftsin of the Yukon and Mackenzie, Ann. Rep- 
Geol. Surv. Can., 1890, new ser., fV, part D, ma]>s. 
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Cretaceous, and the bluft’ parallel ranges, whicli at once reach a height 
of 1,200 meters. While these ranges diverge from the meridian towards 
the north-north-west, a new coulisse, formed of Cambrian and Silurian, of 
e(iual height and equally striking in appearance, emerges beyond lat. 61® N. 
in long. 121® 30' W. on the Nahanni laitte, close to the left bank of the 
Liard ; this coulisse strikes to the north, leaves the Liard, and in lat. 62® 15'N. 
Forms the left bank of the Mackenzie. Then it also turns towards the north- 
north-west. 

In lat. 62® 45' N. a very long coulisse, 1,200 meters in height, rises on 
the right bank of the Mackenzie, and from this point onwnir<ls this river 
Hows in a coulisse valley of the Rocky mountains. At the same time the 
coulisse on its left bank diverges further and furtlier from the rivor ; the 
valh^y becomes 90 to 100 kilometers broad, and the river frequ^^ntly exposes 
Devonian, lying as a rule, horizontally, though here and there it is folded. 
Whiteaves assigns it to the Cuboidcs zone \ From lat. 64® N. onwards, the 
Cretaceous with Inoceramus makes its appearance in the vallej", and the 
Devonian l)cars salt springs, which are also distributed far and wide in the 
foreland, Nevertheless, the coulisse on the right bank, which had !)eguii 
ill lat. 62® 45' N., continues on and ts cut through by the Great Bear river 
in lat. 65® 10' N. ; hero Bell oliserved folded Silurian in the rapiils. Mount 
(.'harles (1,500 feet) belongs to this range 

The isolated Bear Hock (1,400 feet), at the point where the Great Bear 
river enters the Mackenzie, is a Devonian anticline ; even loaf-bearing 
Tertiary beds appear here to share in the fohling. 

From this point onwards the mountains diminish in lieight ; their 
direction is north-west. The river flows through Devonian and Cretaceous. 
Tlie lock of Carcajou (lat. 64® 40' N., long, 128® 20' W.) is an anticline 
formed of the same beds, and is regarded liy McConnell as a continuation 
of the coulisse which begins in about lat. 61® N., long. 123® 30' W. 

At tlie rapids of Sam-Sault (lat. 63® 40' N., long. 129® 10' W.) the 
Mackenzie again cuts its way through an anticline of Devonian and 
Cretaceous; now, how-evei’, the coulisses disappear, and flat be<lding pre- 
vails as far as the delta. This is also the case near the rapids of the 
RamimrU (lat. 66® 15' N.), where Stringoccphalus Burtini has been found. 
In lat. 67® 25' N. the Devonian with At'i'ypa reticularis yields oil ; a little 
further on, in long. 131® 40' W., it disappears beneath the Cretaceous, wdiich 
persists to the head of the delta. The lower course of the Mackenzie thus 
lies outside the chief range in the series of tlie foreland ; the foreland, 

^ J. F. Whiteaves, Contribution to Canadian Palaeontology, 1891, I, pp. 197-253, 
part 3, The Fossils of the Devonian Rocks of the Mackenzie River Basin, in particular 
P. 249. 

Macintosh Bell, Report on the Topography and Geology of Great Bear Lake, Ann. 

P- Geol. Surv. Can., new ser., XII, 1902, part C, j). 25. 
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however, is travei'sed by long coulisses, which run parallel with the chief 
range. This is a very exceptional case 

McConnell's account is supplemented in an instructi\"e manner by that 
of Camsell \ 

Let us return to the rapids of Sana-Sault. We have already mentioned 
that the Mackenzie leaves the mountains at this point (near lat. 63'' 40' N.) 
and enters a region in which the bedding is horizontal. Tlie border of the 
mountains is fairly well marked, and follows an almost rectilinear course 
to the west-north-west, as far as the upper Wind river (right tributary of 
the Peel river) and beyond. Here, in about lat. 65^ 15' N., and not very 
far from long, 136° W., the mountain border describes a bend, and runs 
almost due noi’th into the neighbourhood of Fort McPherson. Thus, not 
only the Mackenzie in its course below Sans-Sault, but almost the whole of 
the Peel river, remains outside the Rocky mountains. Both these rivei\s 
flow through a platform of horizontal or but slightly-folded Cretaceous ami 
lignitiferous Tertiary beds. The Peel, in many parts of its course, has cut 
for itself a deep valley. The platform is 1,700 feet liigli in its southern- 
most part, is interrupted by short coulisses which lie in front of the range 
(Illtyd, 4,200 feet) and terminates on the Satah (right tributary of the 
Peel, lat. 66° 50' N.) in a long and steep declivity. At the foot of this 
begins the plain of the Mackenzie in the last part of its course. 

Below Fort McPherson, on the left bank of the Mackenzie, the platform 
meets the mountains, which here renew their advance. Mount Goodenough, 
3,000 feet in lieight, in about lat. 68° N., ends on the oast in a very steep 
slope only 3 kilometers away from one of the arms into which the river 
divides. This mountain cvmsists of horizontal or only very gently folded 
beds. At its base lie black shales, then comes clay ironstone weathering 
red and containing ammonites, and over this sandstone. Towards the 
north and north-west the height decreases, and west of the mouth of 
the Mackenzie the mountain finally slopes beneath the sea. This concludes 
Camsell's account. 

Somewhat to the west of this point the maps mark two hilly ranges 
trending north-west, and possibly connected, these are the Richardson and 
Buckland mountains. They probably reach the sea near long. 139° 30' W., 
east of the Malcolm river. Tliey are the most northerly ranges with which 

' The delta is described by E. de Sainville, Bull. Soc. geogr. Paris, 1898, p. 291, map. 
The most detailed geological accounts are still those of Kennicott (II, pp, 38, 232, ami 
37, note 2). The Rev. Kirby appears to have collected Devonian fossils on the Porcupine 
river at a very early date. 

* C. Camsell, Peel River and Tributaries, Ann. Rep. Geol. Surv. Can., 1906, XVI, CC, 
49 pp. I must express my gratitude to Messrs. Camsell and Daly for giving me access to 
this valuable report before the appearance of this volume. The geology of north-west 
Canada is shown in the map of the Yukon Territories, no. 917 (compiled by J. Keele) in 
the Summary Report (1905) 1906. 
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the Rocky mountains enter into syntaxxs. To the south of them lies the 
watershed ; in this region, between lats. 69° and 68" N., long. 141° W., 
Turner, as already mentioned, encountered a lofty range ; this must be the 
east-an<l-west-trending main chain of S. J. Marsh, which is sometimes 
named Davidson mountains on the maps ; it is no doubt the veritable end 
of the Romanzov range. This range certainly terminates v/ithin a short 
distance. McConnell and Carnsell both travelled from the Mackenzie, 
across the Rat river (lat. 67° 45' N.), to the Porcupine river, and did not 
find any continuation of it. 

IVIcConnell has drawn two sections, 30-35 kilometers apart, from the 
head of the delta towards the west. The northern section, on the Rat, 
crosses mountains 2,800 feet in height, formed of Ci'etaceous sandstone 
with ammonites; the strike is northerly. The second section, near 
lat. 67° 26' N., exteiuls from the portage on the Peel river to the Lapierre 
house on the Bell river. The mountains are as much as 4,000 feet high, 
and appear to form a broad anticline striking to the north, but here also 
only Cretaceous lias been met with : it seems to be of great thickness. 

On the Bell river an exposure was seen at only one locality, it showed 
inclined Cretaceous strata, apparently with a north-north-west strike. 
On tlie Ptfreupine, where the great bend of the river begins, beds with 
Aucella crop (nit from lieneath the Cretiiceous sandstone (lat. 67" 30' N., 
long. 137" 30' W.), and beneatli them lie Palaeozoic ’rocks. Further away. 
Tertiary l>eds occur on the Porcupine river; the Old Crem mountains 
(long. 140" W.) are Cretaceous, The Upper Ramparts of the Porcupine are 
i’apiils in a canon of basalt, beneath which steeply upturned, probalily 
Devonian, beds are visiUe ; they strike almost north. The basalts continue 
on ; near the Lower Ramparts (near lat. 67" N., long. 142° 30' W.) Silurian 
crops out from beneath them h Then comes Cretaceous once more. The 
Porcupine now enters the Yukon Flats. 

All the land so far described, from the Mackenzie to the syntaxis, thus 
hohjiigs to the coulisses lying in front of the Rocky mountains, in which 
a l)end of the strike to the north is perceptible. We should not expect to 
lind the continuation of the principal chain of the Rocky mountains before 
reaching the region situated to tlie south of the plain of the Peel. 

In order to search for it let us return to the south. 

It is true that large tracts of unknown land extend between the coulisses 
in front of the Rocky mountains and the series of gneiss masses 
which, with contours elongated in the direction of the strike, mark the 
western border of the range. But the zeal of Canadian geologists, supple- 
uionted by that of prospectors for gold, enables us to determine approxi- 
uiately the main features of this region. Our knowdedge is based chiefly 
on G. M. Dawson’s journey from the Stikine and the upper Liard across 
^ Kindle, Am. Journ, Sci., 1908, 4 ser., XXV, p. 125, Niagara stage. 
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Frances river to the upper Felly, then to the ruins of Fort Selkirk on the 
Yukon, and his return journey across Lewis river towards the south 
His account, together with a number of more recent works, furnishes us 
with the following facts. 

Archaean rock has already been mentioned as occurring on the Tochieca 
as far as lat. 57° 40' N. The gneisses and ancient granites, which begin 
far to the south, are accompanied by highly altered schist, in places also 
by quartzite, marble, and serpentine. The schist is the principal source of 
the gold found here. It is sometimes interrupted by masses of granite or 
gneiss, and sometimes covered by Cretaceous or Tertiary beds, but it is 
continually cropping out along its course. It is regarded as pre-Cambrian ; 
the prospector finds no gold in the Cambro-Silurian lying further to the 
east, and the completely divergent series of the intermediate range situated 
to the west is equally unproductive. 

Dawson perceived that the l)iotite granites of these inner ranges of the 
Rocky mountains, with their not infrequent transitions into gneiss, are 
much older than the grey hornblende granites of the west coast, which we 
shall discuss directly. He thought they might form an alternating series 
of masses, arranged very much after the fasliion of the coulisses of the 
Palaeozoic range. 

We may mention, without entering into details, that in lat. 59° N. the 
Dease river cuts through a band of these ancient granite and ‘ granitoid ' 
rocks, 20 kilometers in breadth, with a north-west trend, that a great part 
of the Cassiar ranye is formed of the same rocks, and that the Felly river 
crosses the strike at an acute angle, somewhat north of the mass of the 
Glenlyon moicntains. These mountains consist of a granite of a slightly 
diffei'ent nature, the apophyses of which cross the river obliquely in 
a west-north-westerly direction. 

The Felly river flows, however, for the greater part of its course, in 
schist, with beds of hornstone. Near the mouth of the Macmillan, 
McConnell mentions sericitic schist with some gneiss, and then granite 
gneiss, which is a time ortho-gneiss, often described as the Polly gneiss. 

The ancient rocks, striking from the Folly across tlie Stewart river, now 
reach the river Klondike, and their northern border crosses tlie Yukon 
a little below the town of Dawson. As they strike to the north-west their 
breadth decreases; towards the south they present a sharp boundary". 
Tliey next strike, north of the Tanana, further to the west-north-west. 
In this region Spurr named them many years ago the YiUcon-gecmtkline; 

’ G. M. Dawson, Report on an Exploration in the Yukon District, N.W.T., Ann. R«p- 
Geol. Surv. Can., 1888, III. A new edition of this valuable report was prepared in 1898, 
with part of McConneU’s report appended, 244 pp., maps. 

R. G. McConnell, Yukon, Preliminary Report, Ann. Rep. Geol, Surv. Can., 1902, new 
ser., XI I, A., pp. 16-52, map. 



OH. XI] INTERMEDIATE RANGE 397 

this anticline terminates, as we have already seen, in lat. 64"* 20' N., 
long. 147" W.'. 

At this point, however, in the neighbourhood of the syntaxis, we can 
hardly speak of a true gneiss range. McConnell shows that by far the 
greater part of the range on the Klondike, and even further towards the 
south-east, is dynamically transformed into a pale-coloured sericite schist, 
which betrays its derivation from granite or porpliyry only under the 
microscope, or by scattered, ill-defined masses' of Pelly gneiss. This 
completely crushed, intrusive rock is regarded by McConnell as the true 
home of the gold 

In this fashion the range of gneiss-masses which commenced to the 
south of lat. 49" N. on the west side of the Cambro-Silurian 25one comes to 
an end. From Kootenay on the south, through Cariboo, the valley of the 
Finlay, the upper Stikine, the upper Liard, the Cassiar range, and a number 
of other features as far as Klondike and beyond, these masses are literally 
united by a golden girdle. 

To the cast and north of this zone, even up to the vicinity of the 
syntaxis, a peculiar and lofty zone of Palaeozoic limestone and slate may be 
distinguished. In places Aucella bods are associated with it. On the north 
it forms the watershed ^lext the Arctic Ocean. It probably includes Selwyn 
range (very little known), and Ogilvie range, the north border of which 
reaches the plain of the Peel between long. 135^^ and 136" W. and beyond 
lat. 65" N. To this range belong also the lofty Palaeozoic mountains 
whicli meet tlie Yukon, below the British boundary, near Eagle and at the 
mouth of the Tatundock ; likewise the Ketchumstock mountains, north of 
the Tanana. 

Tlie manner in which the extreme north-easterly end of the Alaska 
range meets this extreme north-westerly end of the Rocky mountains in 
the valley of the Tanana has already been described. 

2 . The beginning of the Intermediate range. 

The Wrangell volcanos. Between lat. 62° and 63° N., lying on the zone of 
syntaxis, is the downtlirown plateau of the Copper river, which bears in the 
east the group of tlie Wrangell volcanos. Its length from nortli-wost to 
«outh-east measures about 220 kilometei's; its breadth, taken at right 
angles, somewhat less. The Copper river rises on the noi'th side of the 
volcanos, curves round their western border and separates them from the 

' J. E. Spurr, Geology of the Yukon Gold District, AL, U.S. Geol. Surv., 1898, XIII, 

392 pp., maps. 

^ R. G. McConnell, Klondike Gold Fields, Ann. Rep. Geol. Suit. Can. (1901), 1905, XIV, 
6* 71 pp., maps ; p. 19 description of the sericitic schist by Barlow. MacMillan and 
op. cit. (1902-1903), 1906, XV, A, p. 22 et seq., map. 
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tundra which covers the surface of tlie plateau towards tlie north-west 
and west, up to the foot of the Alaska range. Having passed the volcanos 
the river enters, near Taral, on the south, a long and narrow transverse 
valley, 90 kilometers in length, which cuts from north to south right across 



1 : 2^00.000 

0 50 100 150 200Km 


Fio. 33. The Plateau of the Copper rtivsr (after the map of B. U. Ooode, in Brooks, Alaska ; 
fieological data according to Mendenhall, Schrader and Spencer; heights in English feet). 
The encroachment of the horst, which is in part inosozoic, is visible on the south slope of 
mount Blackburn. Mounts Hayes and Kimball bedong to the Alaska range ; Montasta pass 
corresponds with the fault which strikes to the north-west beneath Mount Kimball, and the 
southern, downthrown mountains are formed of iuicient eruptive rocks, upper Carboniferous, 
and Tertiary sediments. Tanana river is the l>oundary between these mountains and the 
Rocky mountains. The southern mountains surround the gulf of Chugatsk and strike 
south-east to mount Saint Elias. 


the Chugatsk range. Before entering the first canon it receives from the 
east-south-east the important river Chettyna, which flows in a broad 
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valley, i^urrounding the south foot of the volcanos. The Rocky mountains 
Jo not enter the region which borders the plateau of the Copper river. 
The southern side is fonned by the precipitous northern slope of the 
Chugatsk range, which is continued towards the south-east without inter- 
ruption into the Saint Elias range. In the north-west of the plateau rises 
mount Hayes, which lias already been mentioned as one of the most easterly 
peaks of the Alaska range. Its strike is cast-norfch-east, and it is joined 
with an east-south-easterly strike (corresponding to the angle of syntaxis) 
hy the Mentasta range and its continuation, the Nutzotin range, wliich runs 
past the volcanos on the north. The Nutzotin range itself is separated 
on the north from the gneiss of the Rocky mountains, which also strikes to 
tlie east-vsouth-east, only by the broad and marshy valley of the Tanana. 

The group of the Wrangell volcanos is a single mass of ash and lava, 
bearing several very lofty volcanos, but in the south, north of the river 
Cliettyna, it includes older lavas and sedimentary beds. On the west also 
the l>asement of the volcanic structure is occasionally visible. 

The broad cone of Wrangell volcano (4,269 meters, almost exactly in 
lat. 62° N., long, 144° W.) forms the centre of the mass ; towards the nortli 
a lofty ridge connects it with mount Sanford (4,940 meters), tlio highest of 
these mountains ; to tl;e south-south-east of mount Wrangell, advancing 
a little in the direction of the Chettyna, rises mount Blackburn (4,919 
meters). On the west mount Drum (over 3,600 meters) rises near the 
middle of the curve of the Copper river. The height of mount Drum is 
attained or exceeded, according to Mendenhall, by at least ten other peaks. 
Of late years mount Wrangell was the only one of these peaks over which 
a smoke cloud hung, V>ut in the spring of 1907 violent eruptive activity 
occurred, in which mounts Wrangell, Blackburn, and Sanfor<l seem to have 
sliared 

This great assemblage of mountains, measured from the west-north- 
west, where it slopes down to the plateau of the Copper river, to the east- 
south-east, where it joins the Skolai range, is 160 kilometers across, and in 
a direction perpendicular to this 110 kilometer’s. On the lieights of the 
Skolai range there is also a long series of accumulations of more recent 
ashes, lavas, and pumice. The glaciers carry this material down into the 
valleys, and fragments of it are known even as far as the Chilkat pass 
above the Lynn canal. Above the Klutlau glacier rises the mountain of 
Na-taz-hat (about lat. 61° 30' N., long. 141° 30' W.), the probable point 
of discharge of a white ash, which may be recognized over a wide area as 
iU) intercalated layer in the soil \ 

^ A. Porter, Zeitschr. Ges. Erdk., 1907, p. 628 (from Science). 

An Expedition through the Yukon District, Nat. Geogt. Mag. 
Washington, 1892, IV, pp. 117-152, maps; Brooks, Ann. Rep. U.S. Geol. Surv., XXI, 

p. 365. 
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The Wrangell group itself lies a little to the east of the syntaxis; 
observations in the Skolai range sl\ow that the volcanic chain is continued 
from the Aleutian islands, through Cook inlet across the plateau of the 
Copper river, and through mounts Wrangell and Na-taz-hat further towards 
the east-south-east. No other case is known in which a line of active 
volcanos follows a syntaxis, and we will therefore enter somewhat into 
detail 

Mendenhall and Brooks have concordantly arrived at the conclusion 
that the Wrangell volcanos are situated upon a downthrown region, which 
is bounde<l on tlie north, next the Nutzotin range, by faults, and on the 
south, in the valley of the Chettyna, next the north border of the Chugatsk 
range, by flexures or fractures, that is, these volcanos are situated upon 
a drlke trough 

To the north the principal chain of the Mentasta and Nutzotin range 
consists of schistose greywacke with numerous quartz veins (Tanana 
schist), cut off from the southern foothills by a great strike fault. South 
of the Wrangell volcanos highly altered amphibolite and mica schists, 
together with crystalline limestone (Klutina series), occur and represent 
the most northerly and ancient formation of the Chugatsk (Elias) moun- 
tains; they are covered by a thick series of schist sand greywacke (Valdez 
series), which forms the greater part of these mountains. 

In the meridian of the Wrangell volcanos the fault- trough is at least 
170 to 180 kilometers broad. 

The downthrown series thus comprises the following groups : — 

1. Nikolai diabase; repeated flows, piled up to a height of 4,000 feet; 
the uppermost part copper-bearing. 

2. Upper Carboniferous limestoTie with Fusulina and Produclus cora ; 
Schuchert remarks on its affinity wdth rocks of the same age in Asia 

3. A thick series of Permian shales and limestone K 

* The principal sources of information are. for the west, W. C. Mendenhall, Geology of 
the Central Copper River Region, Alaska, U.S. Geol. Surv. Prof. Papers, no. 41, 1905, 
133 pp,, maps (also Mendenhall and Schrader, op. cit., no. 15) ; for the east and the 
Skolai range, A. H. Brooks, A Reconnaissance from Pyramid Harbour to Eagle City, 
Ala.'ika, U.S. Geol. Surv. Ann. Rep., XXI, 2, 1900, pp. 331-391, maps; and 0. Rohn, 
A Reconnaissance of the Chetina River and the Skolai Mountains, tom. cit., pp. 393-440, 
maps ; further, for tlie whole region, Schrader and Spencer, Geology and Mining Re- 
sources of the Copper River District, 8vo, U.S. Geol. Surv., 1001, 94 pp., maps; and 
Brooks, Geology and Geography, passim. 

* W. C. Mendenhall, U.S. Geol. Surv. Prof. Pai>cr8, no. 41, pp. 82-88 ; and almost 
identical as regards the facts, Brooks, Geology and Geography, p. 256. 

® Schuchert, in Schrader and Spencer, Cupper River District, p. 44, and in Ann. Rep. 
Geol, Surv., XXI, 2, pp. 359. 

* Schuchert, in Mendenliall, Prof. Papers, no. 41, p. 42 et seq. Among other species 
Spirifer.H were found from the group of Spirifer sMatua, arcticv.% and isupramosque7isu^f 
Produdxis resembling eemireticulatus, cora, i/«w6oWi» and others, then Goniocladia, Ortho- 
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4. Trias] dark limestone, above it some 3,000 feet of shales with 
M<ynotis mhcircularhi and Daonella. 

All these subdivisions lie conformably, and are folded with a strike to 
the north-west; their wom-down folds are covered unconformably by 

5. N^eocomian (Kennicott formation ; Avsella. crassicollis) corresponding 
to the Knoxville stage of California ^ 

6. Isolated patches of plant-bearing TeHiary on the north border. 

The middle Jurassic, so largely represented on the peninsula of Alaska, 
has not yet been met with. The most recent sediment is the Neocomian, 
which is covered by the lavas of Wrangell. 

Coming from the Nutzotin range, i.e. from the north, and crossing the 
trough, we encounter, according to MendenhalFs map, first a fragment of 
dioritic rock wedged into the marginal fault, and then the thick Permian 
series, which along the fault is steeply upturned and traversed by basic 
sills, but further south lies flat and is without sills. Then we reach a broad 
toss of diorite, older andesite, and diabase. These rocks plunge beneath 
the alluvial land of the Copper river; and out of this rise the mighty 
volcanos. On their west side, emerging fi-om the lava, are highly altered 
rocks, which possibly belong to the Klutina series of the adjacent Chugatsk 
range ; further away we see diorite like that already mentioned. Finally, 
on the south side of the tolcanos and beneath their ejectamenta, the whole 
series is exposed from the Nikolai diabase to the Neocomian. It extends 
up to considerable heights ; the southern part of the volcanic accumulations 
thus rests on a horst, which once rose out of the trough. 

This southern, sedimentary part of the Wrangell mass is simply the 
wester^ end of the Skolai range, and this, along with its volcanos, is 
probably nothing else than a part of the trough, let down a little less 
deeply. 

Brooks and Peters have travelled from the Lynn canal to the Nutzotin 
range, and thence to the Yukon. Rohn crossed the Skolai mountains, and 
reached the north side of the volcanos. There is no doubt that the upper 
Palaeozoic and Mesozoic sediments of the trough extend from the volcanos 
in an unbroken range, and with increasing bi'eadth as far as British 
Columbia. 

Brooks thinks that the volcanos of the Aleutian islands may be regarded 

tichia and other genera ; the most characteristic genera, such as Enteletes and all the 
Cephalopoda, are absent. 

^ in California as in Russia two horizons have been distinguished in the Aucella' 
bearing beds. The Jurassic beds are termed the Mariposa, the Neocomian, the Knox- 
ville stage ; both in Russia and in this part of Alaska an unconformity occurs at the base 
ot the Knoxville stage ; P. Smith, Age of the Auriferous Slates of the Sierm Nevada, 
Hull. Am. Geol. Soc., 1894, V, pp. 243-258; A. Hyatt, Trias and Jura in the Western 
States, tom. cit., pp. 395-434 ; J. S. Diller and T. W. Stanton, The Shasta-Chico Series, 
tom. cit., pp. 435-464. In Alaska this distinction has not everywhere been carried out. 

SOLLAfl IV D d 
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as a south-westerly continuation of the Wrangell volcanos, although they 
are not geographically connected ^ If we compare what has been said 
above with regard to the structure of Cook inlet and Shelikof strait, which 
is probably that of a trough, as well as the description of Matanuska, we 
find this point of view confirmed. We may conclude that a strike trough 
or troughlike inbreak follows both directions of the syntaxis, extending 
between the Alaska and Nutzotin ranges in the north, and the Kenai and 
Elias (Chugatsk) range in the south. 

The graiuxliorite of Columbia. North of the volcanos lies the Nutzotin 
range. On the north border of this range, between it and the plain of the 
Tanana, where it is traversed by the river Nabesna, between longs. 143® and 
and 142° W., Brooks observed a small outcrop of grey granite Hayes 
and Brooks again met with the same granite on the upper White river, on 
lake Kluane, and on lake Dezatleash (long. 137° W.), i.e. in a zone striking 
to the south-east. In this direction it increases rapidly in breadth, assumes 
in places dioritic characters, and is also described as grano-diorite. Al)ove 
the gold placers of the Porcupine river (long. 136° 15' W., north-west of 
Chilkat inlet, Lynn canal), C. W. Wright describes it as a dioritic range, 
more than 120 kilometers in breadth, in front of which, and at a distance 
of 12-13 kilometers further south, lies a second dioritic range only 3*2 to 
6*4 kilometers in breadth. The sediments, which are penetrated by th<‘ 
diorite, contain, on the south side, lower Carboniferous fossils, and aie 
thrown into narrow folds, with a strike of N. 60° W., dip N.E. They 
are altered by contact; in places the diorite follows the l)edding planes, 
and in others it cuts across the strike 

This marks the beginning of an intrusive mass, which is more recent 
than the Trias, according to Spencer and C. W. Wright even more recent 
than the Aucella beds, and older than the Cenomanian ; it is of unsur- 
passed magnificence. Its most important features were first recognized V)y 
Dawson 

The western margin reaches the head of Lynn canal, and a very long, 
narrow belt of sediments, for the most part the contact zone, separates it 
from the sea for several degrees of latitude. The grano-diorite rises in 
steep cliffs above this zone ; on an average it is 80 kilometers broad, but 

’ Brooks, Geography and Geology, p. 250, 

* Brooks, Ann. Rep. U.S. Geol. Siii-v., XXI, 2, p. 361, map. 

C. W. Wright, The Porcupine Placer District, Al., U.S, Geol. Surv. Bull., no. 236, 
1904, 35 x>p., maps. 

* G. M- Dawson, Exploration in the Yukon District and adjacent Northern Portion oi 
British Columbia, 1887, with Extracts relating to the Yukon District, from Report on an 
Exploration in the Yukon and Mackenzie Basins, 1887 8, by R. G. McConnell, now 
ed., Geol. Surv. Can., 1898, 244 pp., maps, p. 28. The general map on the western halt 
of the country published by the Geological Survey of Canada in 1901 marks the wholo 
of the granite range along with the northern parts as far as the frontier in long. 141 . 
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on the Stikinc over 100 kilometers ; it is cut through by fjords, and reaches 
the mouth of the Fraser. At this point it recedes from the sea, and, growing 
narrower, comes to an end in the United States, beyond lat. 49"^ N. 
'riiroughout its length of almost fourteen degrees of latitude it is a lofty, 
pugged, and rocky range ; it bears a large number of peaks over 7,000 feet 
in height, some even attain a height of 8,000-9,000 feet. 

The expression ‘ grano-diorite ’ is employed in accordance with American 
usage. In general we associate this term with rock allied to tonalite or 
inonzonite. Sometimes the expression granite, quartz-diorite, or diorite is 
preferred, E. Wright states that the great intrusive inass includes the 
most diverse rocks, seldom granite, more frequently grano-diorite, and 
transitions to diorite or gabbro. Observations along the Behm canal and 
Uuj Unuk river (lat. 55" lO' to 56" 45' N.) show on the west side alteration 
into mica schist, more rarely into hornfcls and spotted schists, .as well as 
the presence of numerous veins of pegmatite and apHte ; on the east side, on 
the other hand, there is a sharply defined boundary at the zone of contact. 

On tlie cast Dawson met with upper Carboniferoxis at various points 
over a distance of 800 kilometers, and at isolated localities, as on the 
Stikine, Trias. This is the succession in the Skolai range. As early as 
1HH7 Dawson concluded^ that the gi*eat igneous mass could only have 
iic(|iiired its present position by absoi'ption of the adjacent rock On the 
Ihink a recent flow of lavas is to be seen close to the contact'"^. 

This batholitc is known in Canada as the Coast range. It must not V)e 
confused with the Californian coast ranges. Its obli(iuc course in the 
noitli has given rise to the statement that north of the Lynn canal the 
(\)ast range enters the interior of the country. 

Brooks conjectures that a rock from the peaks of McKinlay must be 
referred to the grano-diorite 

To gain an acquaintance with the west side of the batholite we must 
once more turn our attention to the north. 

3. The Elias range. 

This great range, 1,800 to 2,400 meters in height and difficult of 
access, is cut through by th6> Copper river below Taral, and strikes away 
between the Chettyna river and the sea towards the soutli-east. It is the 


^ (i. M. Dawson, Geological Examination of the North part of Vancouver island, Ann. 
Geol. Surv. Canada, 1887, new ser., II, B, 129 pp., map, in x>articular p. 11. I men- 
tion with gratitude that the late Mr. G. M. Dawson has frequently given me by letter 
^letailed information with regard to the granite range and eBpccially its continuation 
towards the north- west. 

P. E. Wright, Unuk Mining River Region, Summ. Rep. Geol. Surv. Canada (1905) 
pp. 46 ^ 53 . 

^ -L H. Brooks, Geography and Geology, pp. 204, 250. 

D d a 



404 THE END OF THE ISLAND FESTOONS [party 

continuation of the Chugatsk range. Like that range it presents to view 
both the Valdez and the Orca series ; in each case the younger rocks lie 
next the sea, and in each the tangential movement has been directed 
seawards, giving rise to unilateral folds. The outer border next the sea 
recalls in many respects the outer borders of the Eurasiatic region. A little 
to the east of the mouth of the Copper river, in Controller bay, and on the 
Continental coast of Bering sea, Martin has described variegated shales, 
possibly belonging to the Orca series, then dark carboniferous shales with 
petroleum and marine Tertiary shells (Katalla formation. Eocene), then 
the coal-bearing Kenai stage, and above this marine Miocene, corresponding 
with the Unga stage of the Aleutian islands. 

All these sediments ai*e folded, but an exact survey of the folds made 
for the purpose of tracing the petroleum shows that between longs. 144° 30' 
and 143’’ W., that is, fairly far to the east of the syntaxis, a north-easterly 
strike still prevails in this belt of the mountains, only interrupted in places 
by the normal strike to the north-west, as though the movement west of 
the syntaxis had lasted longer than on the east^ At cape Yaktag 
(long. 142° W.) marine Miocene beds form, according to Eldridge, an 
anticline striking to east and west^. 

Up to this point the height of the range increases. It attains 5,514 
meters in mount St. Elias, north of cape Yaktag, and 5,855 north-east of 
this in mount Logan. It reaches Cross sound as mount Fairweather 
(4,700 meters) and mount Crillon, and there separates Lynn canal from 
the Ocean, but it is divided into two parts by Glacier bay, which receives 
the great Muir glacier. 

Our knowledge of St. Elias is chiefly derived from three sources — two 
expeditions by Israel Russell ^ and one by Prince Amadeus of Savoy 
The slopes and foothills are described in the first two ; to the third we owe 
some knowledge of the summit. 

This peak is formed of diorite, but at its very summit of homblen<le 


' Ann. Rep. U.S. Geol. Surv., 1898, XIX, 6 contin., p. 110; G. C. Martin, Petroleum 
Fields of the Pacific Coast of Alaska, U.S. Geol. Surv. Bull., no. 250, 1905, pp. 1-36, maps. 
At the southernmost extremity of Kayak island a rock of trachyte rises suddenly from 
the sea. 

• Maps and Descriptions of Routes of Exploration in Alaska, U.S. Geol. Surv., 1899, 8vo, 
G. H. Eldridge, The Coast from Lynn Canal to Prince William Sound, p. 104. The little 
island of Middleton, which lies 88 kilometers from the land opposite the mouth of the 
Copper River, is probably an accumulation of boulder clay thrust out from the land ; 
Dawson, Bull. Am. Geol. Soc., 1893, IV, pp. 427-431. 

’ L C. Russell, Expedition to Mount St. Elias, Alaska, Nat. Geogr. Mag., Washington, 
1891, III, pp. 53-204, maps, in particular p. 167 et seq. ; Second Expedition to Mount 
St. Elias in 1891, U.S. Geol. Surv. Ann. Rep., 1892, XIII, 2, pp. 1-91, maps. 

^ Filippo de Filippi, Spedizione di S. A.R. il Principe Luigi Amadeo di Savoja,Duca di 
Abruzzi, al Monte S. Elia (Al.), 1897, large 8vo, Milano, 1900, 284 pp., maps, in particuhir 
App. E ; V. Novarese, Roccie e minerali dell’ Alaska meridionale, op. cit., pp. 261“2158. 
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rock. These high-lying regions are covered with snow and ice; their 
rocks are only known from the moraines. Gabbro has been obtained from 
mount Cook In Disenchantment bay Russell observed white limestone 
and green schists, with great dykes of quartz mica diorite. Still further 
to the south-east, on the shores of Glacier bay and on the Muir glacier, 
Reid mentions widely distributed diorite and quartz-diorite, cutting through 
folded Palaeozoic rocks. These rocks cross ^over into the island of 
Tshitshagov, and are probably apophyses of the great batholite^. In 
Drake island (middle of Glacier bay, lat. 58° 40' N.) the upper Silurian 
Leperditia hultica has been obtained, and, on the Dirt glacier (extreme 
south-east of the Muir glacier), a Palaeozoic coral 

Let us return to the precipitous southern cliff of the pyramid of 
St. Elias. It probably represents the basset edges of the principal range of 
Palaeozoic rocks. Its beds dip gently towards the north-east. Beneath the 
projecting spur of the cliff, brown sandstone and black shales crop out, 
RusselPs Yakutat vsystem, the resemblance of which to the Cretaceous 
Flysch has already been pointed out when discussing Kadiak (Aleutian 
islands). The Yalcutiit beds, violently folded and crushed, plunge beneath 
the r/iaas* of aSI. Eluis* In fact, we must assume that the principal 
Palaeozoic range is pushed up from the north-east over the Yakutat 
system, in much tlie same way as the limestone zone of the Eastern Alps is 
pushed up over the Flysch zone. 

Further away the Yakutat system occurs with the same north-easterly 
inclination on the southern slopes of mount St. Elias, beneath the peaks 
named Newton and Augusta. This is the only rock encountered as far as 
Yakutat bay (long. 140° W.). On the other side of the bay, the gentle 
inclination to tlie north-east still prevails, but in the most southerly belt 
(Blossom on the north-east side of the Malaspina glacier, Knight island in 
Yakutat bay) the beds are steeply upturned. 

The Yakutat system is succeeded towards the south-west of the Elias 
I’uuge by the Pinnacle system. In his first account, Russell described on 
tlie Pinnacle pass a series of sandstone beds, 1,800 feet in thickness, with 
insignificant coal seams in its lowest part, and repeated intercalations of 
conglomerate, together with boulders of ancient rocks. Tlie upper part of 
the series includes a dense grey limestone with great Pectens. So far this 
^vstem might well be regarded as Tertiary; it occurs in a similar form 

’ Williams, Some Eruptive Rocks from Alaska, Nat. Geogr. Mag., 1892, IV, p.68. The 
^pe^ imen is compared to the Forellenstein of Neiirode (Silesia). 

^ H. F, Reid, Glacier Bay and its Glaciers, Ann. Rep. U.S. Gcol. Surv., XVI, 1895, 
PP- 415-461, maps, in particular p. 433 ; also Williams, op. cit. ; Reid, Muir Glacier, 
Nat. Geogr. Mag., 1892, IV, pp. 19-55, maps ; H. P. Cushing, Geology of the Vicinity of 
iluir Glacier, tom. cit., pp. 56-62 ; and Notes on the areal Geology of Glacier Bay, 
* N.y. Acad. Sci., 1896, XV, pp. 24-34. 

Schuchert, in the report of Brooks on the Ketchikan District cited below, p. 19. 
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between the Chaix hills and the Yakutat beds beneath mount St. Elias, 
Perhaps we may even venture the conjecture that it is on the same horizon 
as the beds further to the south-east in Lituya bay (at the foot of mount 
Fairweather), about 400 meters above the sea, which contain the great 
Pectens that aroused, many years ago, the astonishment of l<a Pey rouse. 
The beds of Lituya bay dip 15° to 75° to the N.W., according to Dali; the 
little island Cenotaph is Miocene *. 

Russell also mentions deposits of more recent age. On the crest of 
Pinnacle pass, at a height of 5,000 feet (about 1,500 meters), Mya a rewiTia, 
Cardmm islandicum, and other still-existing Arctic species were found in 
sandstone and shales 

The Chaix hills, 900 to 1,000 meters high, and 12 to 16 kilometers in 
length, extend towards the south-east ; they descend precipitously to the 
south, and their beds dip 10' to IS"* to the north-east. They consist 
entirely of stratified morainic material with glaciated boulders. Cardiuni 
idandiciim, Panopaea arctica, and other species occur in intercalated beds 
of fine clay. The foothills of the Elias range, like the Samovar mountains, 
and probably the Robinson mountains also, present a similar structure ; in 
these the beds dip towards the north' \ 

These data show that fairly long rock-zones strike from tlie heights of 
St. Elias down to Yakutat bay ; some are continued still further in a more 
or less south-easterly direction. Hornblende rock and diorite of un- 
known age form the summits ; the Flysch-like Yakutat system dips gently 
beneath it; this is followed, with the same inclination, l>y the Pinnacle 
system, probably middle Tertiary, and this is followed towards the sea by 
glacial silt, which extends downwards from 1 ,500 meters. Further north 
(long. 145° W.), horizonUiI marine deposits of recent ago occur at isolated 
localities up to a level of 30 feet alx)ve the strand. 

The recent movement of the mountains, which (uirricd glacial deposits 
up to such considerable heights, seems to have attained its maximunr 
according to the imperfect data so far at our disposal, somewhere near the 
origin of the great Malaspina glacier, wdiich reaches the sea with a breadtli 
of 100 kilometers w'est of Yakutat bay. The explanation at once suggests 
itself, that the whole of the principal range of the Elias mountains was 
pushed up from the north-east, in post-glacial times, over the Flysch-likti 
Tertiary and glacial beds. 

From an account given by Tarr and Martin it appears that this ranyi^ 
Is still in process of f origination, 

’ 1 Dali, Bull. U.S. Geol. Surv., no. 84, 1892, p. 235 ; Ann. Rep., XVII, 1, p. 783. 
Russell, in spite of grave doubts, has descril>ed the Pinnacle system as older than 
Yakutat ; Novarese has pointed out this uncertainty. The statement is possibly based 
on the lie of the beds, which is to all appearance reversed. 

^ Russell, Nat. Geogr. Mag. Washington, 1891, III, first report, p. 170 et seq. 

* Russell, Ann. Rep. TJ.S. Geol. Surv., 1892, XIII, 2, second report, p. 24 et seq. 
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There is evidence to show that during repeated earthquake shocks in 
September, 1899, an elevation of the land took place, about Yakutat bay, 
to an extent which exhibited great local variation. The greatest displace- 
ii\ent affected the west coast of Disenchantment l)ay, and is not less than 
14-4 meters. This case, and that of San Francisco, are probably the most 
thoroughly investigated cases of true tectonic movement in our own times h 
ill their irregularity they offer an instructive contrast to the eustatic 
strandlines. 

The Alexander archipelafjo. As the great batholite approaches the sea 
the Elias range rapidly diminishes in height. In the archipelago, which 
lies on the same strike, Baranov island alone reaches a height of 1,000 to 
1,200 meters. In Kreuzov island, west of Baranov island, rises the isolated 
volcano of Edgecumbe ^ ; all the rest of the archipelago follows, in long 
lilies, the south-easterly strike, which corresponds nearly, if not exactly, 
with the western boimdaiy of the batholite. In the north, down to 
lat. 57° N.,our knowledge of the batholite has been considerably advanced 
hy Spencer’s investigations of the gold region of Juneau, and by those of 
(J. W. Wright in tlie Admiralty islands; in the south, from about lat. 56° to 
55° N., by the description of the Ketchikan district, in Revillagigedo island, 
l)y Brooks Tht^ Following conclusions may be regarded as making some 
approximation to the truth. 

The batholite is believed by Spencer to have arisen by the coalescence of 
several bodies; its rocks are described by him sometimes as granite, sometimes 
as diorite (quartz-diorite and other species). Its western border is accom- 
panied by contact phenomena and ore deposits. This zone is often traversed 
ly sills, and some of these intercalations pass into Imnds of pure hornblende. 
In the north, .still within this zone, Carboniferous fossils occur, very prob- 
ably indeed upper Carlioniferous^. The entire zone dips towards the north- 

' R. S. Tarr and L. Martin, Recent Change of Level in Alaska, (reogr. Journ., 1906, 
XXVIII, pp. 30 -43 ; and Bull, Am. (leol. Soc., 1906, XVIT, pp. 29 -64, maps. Tarr made 
itn attempt to reach Russcirs high-lying glacial beds, but was prevented by remarkable 
changes which had taken place in the glaciei^ in the summer of 1906, Bull. Geogr. Soc. 
J’hiL, Jan. 1907. 

* Notwithstanding statements to the contrary, activity in the historic period (here 
'cry short) is not established. G. F. Becker, Reconnaissance of the Gold Fields of South 
Alaska, Ann. Rep. U.S. Geol. Surv., XVIII, 3, pp. 1-86, maps, in particular p. 12. The 
lavas of Mount Kdgecumbe aro described by Szachno, Trav. Soc. Nat. St. Petersbourg, 
L89.5, XXIII, pp. 97-100 (in Russian). 

* A. 0. Spencer, The Juneau Gold Belt, Alaska, and C. W. Wright, A Reconnaissance 
of Admiralty Island, Al., Bull. U.S. Geol. Surv., no. 287, 1906, 154 pp., maps; A. H. 
l^rooks, Preliminary Re)port on the Ketchikan Mining District, Alaska, U.S. Geol. Surv. 
l*rofess. Papers, no. 1, 1902, 120 pp., maps, in particular p. 14 et seq. 

^ * On the existence of a basic marginal zone, cf. F. E. Wright, Lode Mining in South- 
East Alaska ; in Brooks’ and other reports on the progress of the investigation of the 
odueral resources of Alaska in 1905, Bull. U.S. Geol. Surv., 1906, no. 284, pp. 30-54, 
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east beneath the grano-diorite^ and the same is true of all the sediments in 
the north for a breadth of 16 to 22 kilometers ; then, at a greater distance, 
folding occurs. In the folds of the southera part of Admiralty island upper 
or Permo-Carboniferous fossils have been found, and in several places lower 
Carboniferous also, while more to the west, along the west shore of Chatham 
strait, upper Silurian fossils as well as lower Carboniferoas occur. Some 
limestones in the west of Bamnov island also are believed to be Silurian. 
They probably represent the continuation of the Palaeozoic beds in Glacier 
bay (lat. 58° 40' N.). Intrusive rocks traverse the islands in many long 
strips, and are particularly evident in Tshitshagov island, and some of the 
islands to the south. 

This folded series, which strikes with great regularity to the south-east, 
is unconformably overlain by Neocomian with Aucclla. The Neocomiari 
is also folded into the older series, and a strip thus folded in occurs to the 
north-west of Juneau ; it has been traced down to the south of Admiralty 
island. 

The great constancy of the strike, notwithstanding all the differences 
in relief, shows that all the mountain-land from the lower course of the 
Copper river across the Elias range and down past lat. 55° N. must he 
regarded as a single element. 

The overthrusting to the south-west, which characterizes the Elias 
l ange, is also to be seen in the batholite, at least in its northern part. This 
also explains the fact that it assumes in places a gneiss-like structure. 
But the Cenomanian here lies horizontal, and the folded, petroleum-bearing 
Tertiaiy outer border of the Elias range is so far unknown outside the 
Archipelago. This may indicate that the true continuation of the Elias 
range must be sought for out to the sea. 

In the fault trough of Wrangell we found a definite series, beginning 
with the Nikolai greenstone and upper Carlx)niferous, followed by Mesozoic, 
with an unconformity at the base of the Neocomian, and completed by the 
volcanos and granodiorite. This we regarded as the succession of the Interme- 
diate range. It is continued through the Skolai range into the Alexander 
archipelago, but the Elias range, its companion on the west, disappears, 
and it attains a very great breadth, while the Rocky mountains are con- 
tinued much further to the south, and are folded towards the east, that 
is, in the opposite direction. 

Thus, the last traces of Asiatic influence disappear in the west, and 
from the Queen Charlotte islands onwards we see that oblique arrange- 
ment of the chains in coulisses which gives its characteristic outline to 
the west coast of America. 

map. For the distribution of Palaeozoic faunas, E. M. Kindle, Geol. Joum., 1907, XV. 
pp. 314-*337. The European character is a striking feature. 
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4. Continuation of the Intermediate range. 

The Vancouver range. Here Dawson’s observations enable us to 
distinguish three regions which succeed each other towards the vsouth. 
The first of these is Graham island, in the Queen Charlotte archipelago ; 
the second is a very long zone of Cretaceous beds, which starts from Skide- 
gate inlet ; the third comprises the whole of the south of the archipelago, 
along with Vancouver, and forms a peculiar mountain system, known as 
the Vancouver range. 

Some reefs of trachyte porphyry, accompanied by a Cretaceous belt 
with Inoceramus, form the north-western extremity of Graham island. 
Then follows a broad plain of Tertiary and still more recent sediments, 
with peaks of some elevation formed of Tertiary eruptive rock. On the 
north coast, as at so many points on the border of the North Pacific, we 
see marine Tertiary resting on lignitiferous beds. 

This plain is bounded on the south by a strip of Cretaceous, which 
strikes obli(]uely through the archipelago towards the south-east, bounds 
the greater part of Skidegate inlet, and near lat. 53"" N. reaches by its 
southern border the east coast. It forms the beginning of a long series of 
Cretaceous fragments w^iich extend sometimes closely in-folded, sometimes 
let down into fault-troughs, with an almost constant strike to the south- 
east ; they are known on the east coast of Vancouver, in Queen Charlotte 
sound, in the strait of Georgia, Juan de Fiica strait, and still further 
towards the south-east, or, altogethei*, through more than G degrees of 
latitude. Coal-seams frequently occur h 

To the north, in Queen Charlotte archipelago, the series begins with 
the Knoxville stage (Ncocomian); as in Alaska, it is separated from its 
basement l)y an unconformity. It reaches Vancouver, and traces of it have 
even been met with in Seattle (Washington). Further south, the younger 
stages of the Cretaceous occur in transgression, and exhibit litoral, and 
finally brackish- water characjters. The coal-bearing series of Puget sound, 
part of which at least is of Laramie age, is much younger than that of the 
Queen Charlotte islands. As the transgression increases, Indian and Euro- 
pean species make their appearance in the fossil ffiunas. The Knoxville 
rtage, with Aucella, still bears a northern stamp. The Horsetow^ii stage, 
wliich follows next, contains in its upper l>eds Schloenhachia injlata and 
Lytoceras Sacya ; it is covered by the Nanaimo stage, which, according to 

^ G. M, Dawson, Queen Charlotte Islands, Geol. Surv. Can. Report of Progress (1878- 
bS79) 1880, B, 239 pp., maps ; Geological Examination of the North part of Vancouver 
Island ^d adjacent coasts, op. cit., new ser., 11, 1887, B, 129 pp., maps ; for Puget Sound, 
•b P. Kimball, Physiograpbical Geology of the Puget Sound Basin, Am. Geol., 1897, XIX, 
pp. 225-237, .304-322 ; Bailey Willis, Some Coal Fields of Puget Sound, Ann. Rep. U.S. 
Geol. Surv., XVIII, 3, 1898, pp. 399-444, map. 
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Whiteaves and Kossniat, contains species of the Indian Ariayalur group 
and the Senonian of Saclialin ^ 

In the Queen Charlotte islands the beds containing (ichloenhachia 
injUxta are overlain by a thick conglomerate, followed by marl and sand- 
stone with huxeramus labmins. 

As the (h*etaceous advances step by step from the north, so manifestly 
the marine Eocene enters Puget sound from the south, and there invades 
the region of the brackish upper Cretaceous. A similar example on a 
smaller scale occurs in Europe, where the strait of Briinn is first entered 
by the Bohemian Cretaceous coming from the north and then by the 
Viennese Second Mediterranean stage coming from the south. 

To tlie south-west of the Cretaceous lies the Vancouver range. The 
southern part of the Queen Charlotte archipelago is mountainous (1,500 
meters) like Vancouver. Here as there, only TriavS fossils have so far been 
found, if we except some doubtful traces of Carboniferous. The mountains 
are formed of shales with layers of limestone, and accompanied by thick 
sheets of diabase or diorite. Thus this Trias presents the same composition 
as that which occurs far to the north, near the sources of the Indigirka. 
The Trias range seems to extend from Juan de Fuca strait as far as tlu‘ 
latitude of Skidegate inlet, i. e. from lat. 48° 30' N. nearly to 53° 30' N. ; 
it strikes regularly to X. 35° W., and then in the north somewhat more to 
the west. Indeed, in Skidegate inlet a strike to N. 67° W. prevails over 
a con.siderabIe distance, and it seems almost as though the bend of Chugatsk 
w^ere al)out to be repeated thus far in the south. 

The islands in the strait of Georgia, such as that of Texada and others, 
show that a close connexion exists between the border of the great batholite 
and rocks which are correlated, though with .some uncertainty, with those 
of Vancouver. But even in the east of Vancouver itself Dawson observed 
a broad intrusive belt, which include<l innumerable fragments of the neigh - 
touring rock, and, both to the south and along the west coast, comparatively 
recent intrusions of granitic rocks occur The interior of the great island 
i.s unknoAvn. 

If any conclusion is pos.siblc, it would seem that the Vancouver range is 
not a continuation of the Alexander archipelago, but a range lying to the 
west of the great batholite, similar to the Intermediate range. The only 
feature it has in common wdth the islands of the Alexander archipelago is 
the unconfonnable transgression of the Neocomian, 

' F. Kossmat, Jahrb, k. k. geoJ. Reichsanst., 1895, XLIV, pp. 471 et sqq. ; and J. F. 
Whiteaves, On some additional Fossils from the Vancouver Cretaceous, Geol. Surv. Canada, 
Mesozoic Fossils, I, pt. 5, 1903, pp. 309-415. 

* A. Webster, Geology of the West Coast of Vancouver Island, Ann, Rep. Qeol. Surv. 
Canada (1902-1903) 1906, XV, A, pp. 54 76, and E. Haycock, tom. cit., pp. 76-92, in 
particular p. 84. * 



OH. XI] INTERIOR PLATEAU 411 

The Interior Plateau. This region, lying to the east of the great 
hatholite, extends, according to G. M. Dawson, for a distance of 80() kilo- 
meters towards the north-west ; it possesses a mean breadth of 160 kilo- 
meters, and a mean height of 3,5(K) feet ; it is higher in the south than 
in the north. In its middle part and almost up to lx)th its borders it 
consists of broad fragments of tableland, separated by deep denudation 
v alleys, and built up of two thick sheets of lava and ashes. In its southern 
part, up to some distance beyond lat. 51° 15'^N., where investigation has 
been carried furthest, Dawson distinguishes the upper volcanic platform, 
presenting a vast liorizontal surbu^e, from wliicli rise, strewn far apart, 
isolated hills, the remnants of eruptive cones — beneath this a Miocene fresh- 
water deposit — resting in turn on the lower volcanic platform, and beneatli 
this again a freshwater deposit which is probably Oligoccne'. 

This Tertiary structure rests as a flat and even covering on the folded 
series of the Intermediate range, which strikes to the north-north-west. 
On the west side, next the batholito, we meet, as already mentioned, with 
upper Carboniferous and Trias, as well as the unconformable Knoxville 
stage ; on the east side, next the gneiss of the Golden ranges (Rocky moun- 
tains), only Trias is so far known; the lists of fossils leave it an open 
<|iiestion as to whether*Lias is also present. V^ery thick masses of volcanic 
rock, chiefly diabase, accompany the upper Ctu*boniferous and Trias. 

In this tableland, also, large areas remain unexplored, and the east 
ijoundary of the batholite in particular may have many unexpected facts 
to reveal. In the Telkwa valley (lat. 55° N.) Leach observed in the 
eastern part of the batholite v^ery thick v'olcanic masses (Cretaceous T) 
overlain by coal-bearing lieds; they arci themselves traversed by dykes, 
;uid the whole, in contrast to the tal>lelaiid, is intensely folded". 

Tranavertie section in lat, 4f)^ X, This line, the boundary of the United 
States and Canada, has been made the subject of special investigation by 
the geologists of both countries, with a view to determining the degree ol 
correspondence between the north and south. Although the tectonic unity 
of the chief subdivisions has been placed beyond doubt, yet it is clearly 
apparent that the orographic and the tectonic classification fre(]uently fail 
to correspond. 

In Washington and Oregon the expression ‘Coast range* has come into 
use for the recent volcanic Cascade range ; it is as distinct from the Coast 
range of Columbia as from that of California. If we inquire into the 
application of the name ‘Cascade range* we find that in following the 

* G. M. Dawson, Presidential Address, Bull. Am. Geol. Soc., 1901, Xlt, pp. 57-92 ; for 
details, Camloops Sheet, Geol. Surv, Can. Report of Progress for 1894, new aer., VII, 
1897, B, 451 pp., map. 

" M. W. Leach, Telkwa Mining District, Geol. Surv. Canada Summ. Rep., 190b, 
pp. 35-42. 
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orographic range to the north this has been extended to ranges of the most 
diverse kind. The IIozo 7 neen mountains, which in long. 121° 4' W, form 
one side of the valley of the Skagit, are regarded in the north as the main 
body of the Cascade range, and the Okanagan mountains, situated to the 
east of it, as a secondary range. The former of these is a steeply-upturned 
series of Mesozoic beds, striking north and south ; the second consists of 
a heterogeneous intrusive rock \ 

This is followed on the east by a region which is known as the Interior 
plateau ; it is the natural continuation of the highland discussed above 
under this name, but Daly, who is best acquainted with these mountains, 
points out that no plateau exists here, and the designation is therefore 
incoiTect. 

The most important tectonic boundary, that of the Rocky mountains, 
has the least effect on the relief. — 

From a tectonic point of view two chief groups may be distinguished, 
namely, the Intermediate range — characterized by a series ranging from the 
upper Carlxiniferous upwards, through grano-diorites and volcanos and 
the Rocky mountains, with gneiss and a thick lower Palaeozoic series. 
According to Daly's orographic classification ^ we must include in the 
Intermediate range Vancouver, the Coast range, ttui (,?asca<lo range, the 
Interior plateau, and a part of the Columbian system ; in the Rocky moun- 
tains, the remaining part of the Columbian system, Selkirk mountains, 
Cfcur d'Alene mountains, Purcell range, and the Rocky mountains proper. 

At this point, where the so-called Coast range crosses lat. 49°, south of 
the bend of the Fraser river, Daly's accounts^ describe its basement as 
formed of thick, folded, Criiioidal limestone and highly altered rocks. In 
the region extending from this point to the Similkarneen river and the 
Hozomeen range, both Daly and CamselM mention altered rocks, whicli 
sometimes present an appearance of great age, and then grano-diorites 
accompanied by patches of lower Cretaceous, younger lavas, and Tertiary 
beds. The Hozomeen mountains, which we have already described as 
a range of steeply-upturned Mesozoic beds striking north and south, rise 
to their highest point (9,000 feet) immediately above the place where the 
Skagit crosses the boundary. 

On the river Pasayten (right tributary of the Similkarneen) a diversified 
group of intrusive rocks is visible beneath an unconformable covering of 

* G. 0. Smith and F. C. Calkins, GeoLigical Reconnaissance across the Cascade Range 
near the 49th parallel, Bull. U.S. Geol. Surv., no. 235, 1904, 103 pp., maps. 

* R. D. Daly, Nomenclature of the North American Conlillora between 47th and 53ra 
Parallels of Latitude, Geogr. Joum., 1906, pp. 586-606, map; and Bull. Am. Geol. Socm 
1906, XVII, p. 332. 

^ R. D. Daly, Ann. Rep. Geo). Sun . Canada (1901 ) 1905, XIV, A, pp. 39-51 ; op. cit. 
(1902-1903) 1906, XV, A, pp. 139-149, and AA. pp. 91-100. 

* C. Camsell, Similkameen District, Suinra. Rep. Geol. Suit. Canada, 1906, pp. 43-'5»>* 
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lower Cretaceous. From this point it follows the 49th parallel towards 
the east as far a.s lake Ossoyous (long. 119® 30' W.), that is, for a distance 
of 90 to 100 kilometers. It belongs to the Okanagan mountains. Daly 
has made it the .subject of an instructive paper. Seven intrusions suc- 
ceeding each other, from the Carlx)niferous (?) into a late stage of the 
Tertiary, have here formed a composite batholite ; they decrease in density 
and increase in silica contents in serial order from below upwards (gabbro 
2*959, and dunite 3*173, to granite 2*608). The intrusion was accomplished 
by absorption of the adjacent rock ^ 

This gives us a clear insight into the nature of one of those great masses 
which are at present known under the general name of grano-diorite. The 
mining districts, which lie towards the east, on the Kettle river, and no 
doubt those near Rossland also, have been studied by Brock, and show that 
similar intrusions are repeated as far as Columbia^. At the same time, 
rocks which we may regard as Archaean begin to make their appearance 
in this region, and acquire more anti more importance. They are not 
unknown further to the west, but observers express doubts as to whether 
they may not be sediments altered by contact. From about Christina lake 
onwards (long. 118® 15' W,), granite of apparently greater age is associated 
with them, and then, according to our present knowledge of the facts, they 
give place on the north to a vast extent of gneiss, biotite schist, and the 
like. The range is of great height (mount Gladsheim in the Valhalla range, 
lat. 49® 46' N., long. 117® 36' W., 2,826 meters); it is known as the Gold 
range, and we may regard it as forming part of the Rocky mountains. It 
is not separated by any important fracture from the Intermediate range. 
We have already observed that intrusions are not absent, but masses of 
andesite also occur, and at some localities, as about the sources of the north 
fork of the Kettle river (lat. 49® 36' N., long. 118® 20' W.), they rest on 
sandstone and river pebbles, apparently of Tertiaiy age. Here, where they 
rest on the Gold range, they may be regarded as outliers of the Interior 
plateau. Whiteaves has shown that remains of Amyzon, a genus of fishes, 
described by Cope from Nevada and Colorado, also occur up to lat. 52® N. 
and beyond (Horsefly beds), and reveal the presence of an extensive fresh- 
water region of Oligocene age 

Between long. 117° 30' and 117® 15' W., lat. 49® N., we encounter those 
thick sediments of pre-Cambrian and Cambrian age, which in these latitudes 
form the greater part of the Rocky mountains. These mountains are here 

’ H. D. Daly, Okanagan composite Batholith of the Cascade Mountain System, Bull. 
Am, Geol. Soc., 1906, XVII, pp. 329-^876. 

® R. W. Brock, Preliminary Report on the Boundary Creek District, Ann. Rep. Geol. 
Surv. Canada (1902-1903) 1906, XV, A, pp. 92-138 ; Operations in the Rossland Mining 
District, Summ. Rep., 1906, pp. 56-65. 

® Whiteaves, Age of the Horsefly, Similkameen and Tranquille Tertiary Beds, Summ. 
Rep. Geol. Surv. Canada (1905) 1906, pp. 137-138. 
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generally more than 2,000 meters high, and of shai’p, jagged outline ; they 
are known as the Selkirk range 

The first zone crossed by Daly consisted of coarse conglomerate, arkose, 
volcanic breccias and flows, quartzites, sandstones, and slates, with a few 
thin intercalations of crystalline limestone. This zone forms the Quartzite 
range, and is completely overturned toivards Ote vjeet, with a north and 
south strike, and a dip to the east of 70® to 85° The beds, of great thick- 
ness, are traversed by flaws and thrust-planes. On the Priest river 
(long. 116° 56' W.) they rest unconformably on crystalline schist, with 
thick intercalations of amphibolite, and include a granite batholite. This 
older zone extends into the neighbourhood of the Kootenay river. It is 
cut off on the east by a fracture, along which another quartzite series, of 
great thickness and composed of gray, heavily-bedded quartzites, is let 
down. 

This quartzite series forms the l)eginning of that stratified succession, 
described in the section (fig. 32) between lat. 51° and 51° 30' N., which, after 
forming a syncline probably overfoldcd towards the west, passes into the 
great overfoldings turned towards the east, and dominating the whole 
eastern part of the Rocky mountains. 

The fracture of Kootenay led Daly to inquire ^whether the elongated 
Kootenay lake is a fault-trough or the i^esult of river excavation, lbs 
depth (533 meters) renders the former supposition probable. Sciveral others 
of the long, naiTow lakes, lying more or less in the strike and running 
for the most part north and south, show similar depths (L^cau lake, 53(5 
meters ; Lower Arrow lake, 420 meters ; and others). 

The Cascade range (I, p. 587). A part of the range known in the north 
under this name, the Okanagan mountains For example, is the exposed 
basement of a considerable chain of recent volcanos, which is designated 
in the south by the same name. 

The Olympian mountains, with cape Flattery, in the west, are but 
little known. The reports of foresters on this thickly -vrooded region 
assign a height of 2,484 meters to mount Olympus. Granite has only been 
observed in boulders, and neither schist nor porphyry is known to occur. 
But since gold and copper have been mined here, we may suppose that 
rocks are present of greater age than those revealed by Arnold’s investiga' 
tion along the coast, where only Jurassic (?), a thick Cretaceous sandstone, 
and Tertiary are mentioned as occurring -, 

' See on this subject Daly’s Report of 1906, AA, pp. 91 et sqq. ; and McConnell an^i 
Brock's map of West Kootenay, 1904. 

® A. Dodwell and T. P. Rixon, Forest Conditions in the Olympian Forest Reserve, 
U.S. Geol. Surv., 1902, Profess. I'apers, no. 7, 110 )ip., map; R. Arnold, Geological 
Reconnaissance of the Coast of the Olympian Peninsula, Bull. Am. Geol. Soe,, 1906, 
XVII, pp. 451-468. 
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Let us return to the point at whicli the Skagit river, following the 
western face of the Hozomecn range, crosses lat. 49® N. West of the river 
lie the Skagit mountains. This range })roadens out south of lat. 49®, and 
is then cut across by the river Skagit. On the west it terminates suddenly 
in the direction of the plain ne^ir long. 122® W. It is diversified in form 
and composition. Granite, andesite, and Jurassic (Stephanoceras, Aucella) are 
known. On the north the strike is N. 30® W. ; north of mount Shuksan it 
l>ecomes N. 40® W., and in the south due north and south. At the place where 
the Columbia river again turns towards the south, near long. 120® W., and 
at tlie same time marks the boundary between the soutliern spurs of the 
Skagit range and tlie lava floods B. Willis and Otis Smith observed very 
recent folds which involve the young basaltic sheets ; these are cut through 
by several rivers, of which the Yakima is one. 

A little to the west, crossing a range which is still part of the Skagit 
mountains, begin the great volcanos of the Cascade mountains. They 
extend through nine degrees of latitude, from mount Baker in the north to 
Lassen peak in California. The principal direction is north and south ; in 
the south it becomes south-south-east. Intercalateil sediments lead us to 
suppose that some of the flows arc of Eocene age. In the Miocene period 
there w^as great activity, and isolated craters are still smoking at the 
present day h 

Many of the northern volcanos are seated on granite, Moimt Baker 
(3,299 meters), mentioned above, which rises north of the Skagit river, is an 
andesitic volcano seated on light-coloured granite. South-east of this lies 
Glacier peak (3,172 meters), the remains of an andesite volcano, also on 
granite ; mount Stuart (2,886 meters) is not a volcano, but is funned of 
granite. Further south, according to Russell and O. Smith, the cone 
of mount Rainier (4,327 meters) consists of white granite up to a height 
of 8.000 feet (2,438 meters) 

We may safely assert that this granite is not all of great age. Of 
the great batholite, which includes mount Stuart and forms the rugged 
Wenachc range, it can only be said that it is older than the Eocene, but to 
the west of this batholite, on Snoqualniie />axss, a little north of the point 

* Bailey Willis, Changes in Rivt^r Courses in W'^ashington Territory due to Glaciation, 
Bull. U.8, Geol. Surv., no. 40, 1887, V^I, pp. 477-480, maps; and in particular G. Otis 
Smith and B. Willis, Contribution to the Geology of Washington, Profess. Papers, no. 19, 
1903, 101 pp., maps, and (1. 0. Smith, in Journ. Geol. Chicago, 1903, XI, pp. 166-177, 
k C. Russell, Geological Reconnaissance in Central W''ashington, op. cit. Bull., no. 108, 
1893, regards the hill ranges in question as segments unilaterally lot down ; Prelimi- 
»rtry Paper on the Geology of the Cascade Mountains in Northern Washington, Ann. 
hep. U.S. Geol. Surv., XX, 2, 1900, pp. 89-210, maps ; J. E. Spurr, Ore Deposits of Monte 
^nsto, Washington, op. cit., XXII, 2, 1901, pp, 785-865, maps. 

* h C. Russell, Glaciers of Mount Rainier, with a paper on the Rocks of Mount 
kalnier, by G. Otis Smith, op. cit., XVIII, 2, pp. 349 423, maps. 
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where the railway running to Seattle crosses the Ca^Acle range, Otis 
Smith and W. Mendenhall came on a great batholite of Miocene age. 
Shales with leavevS of Acer, Platanus, and Cinnaiuomum are converted into 
a hornfels-like rock in the zone of contact. Epidote, garnet, and turmaline 
occur in this zone. Tlie intrusive rock resembles granite, but diorite also 
occurs and cannot be separated from it. Granite veins, very rich in quartz, 
penetrate the adjacent rock, and one of them invades an overlying andesitic 
lava 

In the face of these facts the distinction l>ehveen the granite or grano- 
diorite batholites and the andesite volcanos disappears. The great batholite 
of Columbia becomes a cicatrix which may once have borne volcanic cones. 

Towards the south, first the continuations of the Skagit range, and then 
the granites disappear. To the south of the Columbia xiver the high and 
continuous chain of lavas and ejectamenta extends throughout Oregon 
unbroken by a single transverse valley. Near lat. 43® N. it bears on its 
surface Crater lake (1,901 meters) 9*9 kilometers in length and 6*8 kilometers 
in breadth ; this has been produced by the collapse of the volcano Mazama, 
the ruins of which still rise 600 meters above the lake *. 

Far away in the east, a vast region of effusion, one of the most extensive 
in the world, starts from the Yellowstone, and proceeding to the west 
extends right across the mountain land. At first it follows the Snake 
river, but soon spreads out, includes on the north the lava-fields of the 
Columbia river, on the south covers the greater part of Oregon and con- 
siderable areas in Idaho, and encroaches to the south on the extensive 
desert region of the Basin ranges (I, p. 577). 

Russell's descriptions of the lava fields of Oregon are instructive in 
more respects than one. The Stein rtionutams (lat. 42® to 43® N., long. 118® 
to 119® W., 9,000 feet), situated in south-east Oregon, on the east boundary 
of the desert basin, form an oblique-lying block which extends for a distance 
of 160 kilometers towards the north-north-east, and exposes in a steep 
escarpment on its east side, 5,000 feet high, numerous lava-flows, separated 
by 17 intervening beds of sandstone. In some tracts volcanic centres 
are so numerous that we may count as many as fifty from one point of 
outlook 

^ G. O. Smith and W. C. Mendenhall, Tertiary Granite in the North Cascades, Bull. 
Am. Geol. Soc., 1900, XI, pp. 223-230. 

* J. S. Diller and H. B. Patton, Geology and l^etrography of Crater Lake, National 
Park, U.S. Geol. Surv. Profess. Papers, no. 3, 1902, 167 pp., maps ; for Miocene intercala- 
tions, Diller, Bohemia Mining Region of West Oregon, Ann. Rep. U.S. Geol. Surv., XX, 
3, 1900, pp. 1 - 62 , in particular Knowlton, ibid., p. 47 ct seq. ; also the works on the John 
Day and Payette Formations. 

• I. C. Russell, Notes on the Geology of south-west Idaho and south-east Oregon, Bull- 
tJ.S. Geol. Survey, no. 217, 1903, 83 pp., maps; Preliminary Report on the Water 
Resources of Central Oregon, op. cit., no. 252, 1905, 133 pp., maps. 
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Idaho. In north-easfe Oregon the Blue mountains, with their irregular 
contours, rise but of the lavas. According to Lindgren's description they 
are not a chain lying in the bend of the Snake river, as they are repre- 
sented on some maps, but a part of the mountains of West Idaho, cut 
off from them by the long canon of the Snake river, but not tectonically 
distinct. They consist of several ranges which are united orographically 
by lavas. The most important are the Elkhorn and Greenhorn mountains, 
west of Baker city ; further to the north-east rise the Eagle Creek moun- 
tains, The last-named possess rounded contours, attain a height of 9,000 feet, 
and are enveloped by lava up to a height of 4,000 or 5,000 feet. The heights 
of the Elkhorn and Greenhorn mountains present similar features. Smaller 
hills rise like islands out of the lava 

Within these folded ranges doubtful upper Carboniferous, marine Trias, 
in the west a trace of Lias also and on the John Day river Cretaceous, 
liave l)cen determined on the evidence of fossils. At one locality in the 
Elkhorn mountains Lindgren believes he has recognized Archaean gneiss. 
The gloomy canon of the Snake river is 5,000 feet deep. The upper half 
of the ravine consists of basalt, and the lower of dark Halobia shales, which, 
as usual, are accompanied by basic intercalations. On the west side of the 
river there are points a^ which the shore lino of the lava floods reaches 
a height of 7,000 feet (2,133 meters). The height of the river above the 
cailoii, near Weiser, is 646 meters. 

The most remarkable of Lindgren s results is the evidence that in West 
Idaho the range is cut through by an intrusive batholite of granodiorite, 
which repeats the characters of the Columbian batholite ; it runs to the north, 
is of post-Tria>s age, and attains in places a breadth of over 150 kilometers 

On the south this batholite first makes its appearance in the South 
nminiain (8,000 feet, near lat. 42® 45' N.). It is continued towards the 
north through Silver City into the Oiayhee mountains, and its western border 
is crossed by the Snake river^near Boise (west of long. 116® W.) The east 
border lies at a great distance from the west, and its outskirts extend 
to Hailey (west of long. 114® W.) and beyond. Further north its eastern 
part forms the whole range of the Bitterroot mountains, as far as Lolo 
pass (lat. 46® 35' N.), where it encounters tlie ancient sediments of the 
Ca'ur d’AlJjne mountains, which arc included in the Rocky mountains. It 
bas thus boon ti'accd through nearly four degrees of latitude. Towards 
tbe west its nortliern part disappears beneath the lavas of the Clearwater. 

' W. Lindgren, Gold Belt of the Blue Mountains of Oregon,, U.S. Geol. Surv., XXII, 

1901, pp. 551-782, maps. 

A. Hyatt, Bull. Am. Geol. Soc., 1894, V, p. 400. 

W. Lindgren, Gold and Silver Veins of Silver City, do Lamar and other Mining 
JJistncts in Idaho, Ann. Rep. U.S. Geol. Surv., XX, 3, 1900, pp. 65-256, maps ; A Geo- 
Reconnaissance across the Bitterroot Range and Clearwater Mountains, Profess. 

^pers, no. 27, 1904, 123 pp., maps ; for the disturbance, pp. 26, 47, 51. 

S0LLA8 IV « 
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Wherever its boundaries can be seen this granodiorite proves to be 
intrusive. At Haile Carboniferous fossils have been found near the zone 
of contact. The canon of the Salmon river cuts across its breadth. It 
includes several great fragments of gneiss. 

On the east side of the Bitterroot mountains, which is also the east 
border of the Mesozoic granodiorite, Lindgren describes a fault, striking north 
and south, over 90 kilometers in length, of great vertical throw, yet out- 
cropping on a fairly level plain. Over the whole of this area the granodiorite 
slopes uniformly towards the east at an angle of 15° to 26°; in the south it 
slopes to the south-east, and on this descent it lias been transformed into 
gneiss by a shearing movement. This younger gneiss is distinguished from the 
ancient gneiss by its nature and the absence of folding. Lindgren believes 
that either the whole of the eastern range has subsided with a slight 
inclination (the slope just mentioned), or else the western (lying) limb has 
been elevated. Phenomena in an adjacent mine have even led to the con- 
jecture that the movement still persists at the present day. Some small 
eruptions of rhyolite accompany the line of disturbance. 

The resemblance between the mountain-group of north-east Oregon and 
West Idaho (Blue mountains to Bitterroot) and those parts of the Inter- 
mediate range mentioned above is thus very great. At tlie same time, th(j 
pctrographical succession is the same as that of the Basin ranges, the 
northern part of which we have already examined. Over a tract marked 
out by the continuations of the Canadian part of the Intermediate range in 
the west, which disappear between lake Chelan and the Yakima (east of 
mount Stuart and mount Rainier), and next by the place where the Blue 
mountains disappear in the east and where tlic granodiorite range of Idaho 
disappeai-s in the northern part of the Basin ranges, <lown to the place of 
disappearance of the Californian mountains to be discussed below, there 
exists, as we believe, a broad depression, an interruption of the Intermediate 
range, now concealed by lavas. 
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THE APPEARANCE OF THE ANDES 

Klamath. Californian Coast ranges. Lower California. South border of the Colorado 
plateau. Mexico. Stratified succession of the Intermediate range. 

Klamath. The Intermediate chain, broken up into a sea of sub- 
meridional ranges, is representetl in the United States chiefly by the Basin 
ranges, which occupy the region, 600-700 kilometers in breadth, between 
tlie western slope of the Wasatch and the eastern slope of the Sierra 
Nevada (I, p. 577). Tlie Sierra Nevada may even be included in them. 
With the longitudinal valley of the Sacramento, however, a great change 
sets in, and we may regard tlie Californian (kiast ranges on the western side 
of this valley as the beginning of the mighty structure of the Andes. 
It is impossible, it is true, to draw a perfectly sharp boundary; some 
Hicrnbers of the sedimentary series extend from one region to the other, and 
in tlie north observfirs are not completely in accord. 

The sketch map by Diller (lig, 34) represents the topographical distribu- 
tion of the most important tectonic members b 

The most southerly volcanos of the Cascade range, mount Shasta 
(4,384 meters) and Lassen peak (3,181 meters), are included in this map. 
Beyond them the country descends to the Sacramento, and in lat. 39® 15' N. 
the great longitudinal valley lies only 30 -45 meters above the sea. From 
this depression rises the little volcano of Marysville ; whether or not it is 
to be included in the Cascade range may remain an open question 

The lavas reach the Sierra Nevada on the south-east; to the west of 
them lies a group of mountains whicli appears on the maps under several 
distinct names (Siskiyou, Salmon, Trinity mountains, and others) ; it is 
known by American geologists as tlie Klamath range. On the north, in 
south-west Oregon, it emerges from a girdle of younger deposits; in 
lat. 41® 30' N. it becomes detaclied from the Californian Coast ranges. 
Thus we have here an encounter of the Sierra Nevada, the Cascade, 
Klamath, and Coast ranges. The position of the beds and the strike show 
tltat the Klamath range is the continuation of the ISierrlL Kevada. 

' J. S. Biller, Topographical Development of Klamath Mountains, Bull. U.S. Geol. 
^urv., 1902, no. 196, 69 pp„ map; also Geology of Lassen’s Peak District, op. cit., Ann. 
Hep., 1889, VIII, pp. 395-432, maps ; also map, op, cit., XIV, 2, p.414, pi. XLV, et passim. 

" Turner and Lindgren, Marysville folio, 1895. 
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On the north, in south-west Oregon, the Klamath mountains are 
surrounded by a broad Jurassic belt, characterized by Aucdla Erringtoni. 
Starting not far from where the boundary of California reaches the sea, it 
strikes far away to tlie north-east, and dips to the south-east, that is, beneath 
tlie older rocks of Klamath. Its most remarkable member is Diller’s 
Dothan stage, composed of grey shales, which contain beds and lenticular 



masses of red or green radiolarian chert ^ Associated with these is the 
nickel-bearing peridotite ridge of Riddles, as well as many other intrusive 

* J. S. Diller, Mesozoic Sediments of south-west Oregon, Am. Journ. Sci,, 1907, 4 scr., 
XXIII, pp. 402-421 ; a somewhat divergent description by Louderback, .lourn. Geol. 
Chicago, 1905, XIII, pp. 514-555. Plantbearing middle Jurassic also occurs; L. Ward, 
Status of Mesozoic Floras of the United States, 1905, Monograjih XXXVIII, pp. 47-151. 
They are repeated near Orovillo, California. As regards the lie I have xio recent data. 
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ridges. Gold, platinum, and chromite occur in the basic intercalations : 
awaniite (nickel iron) has also been met with, as at Biella (near the range 
of Ivrea) The Jurassic rocks are folded, and the Neocomian (Knoxville 
stage) extends over them unconformably. There can scarcely be any doubt 
that this upper Jurassic belt, now interrupted by the sea, oiice surrounded 
the western side of the Klamath range. 

Various accounts have been given of the Klamath range itself. Diller, 
>starting from Redding in the south, observed "a series extending to the 
Trinity river in the west, and for a great distance to the north and east, 
which consists of a pre-Devonian plutonic rock, Devonian and Carboni- 
ferous ; to the cast of this, with a more northerly strike, a pre-Trias 
intrusive zone, tlien, on the upper Pit river, Trias, followed by Jurassic. 
Hershcy, coming from the west, divides the Klamath range into four flakes, 
dipping to the cast and to some extent imbricate. The first line of over- 
thrust would correspond with the western boundary of the Klamath 
iTiountains marked on fig. 34; here the radiolarian shales dip to the east 
beneath the older rocks of the Klamath mountains. The second line crosses 
the Klamath river (Orleans fault) near the mouth of the Salmon river; the 
third and fourth follo^v on as far as the Scott river. Wo will confine 
ourselves to the fact that 4/he radiolarian series occurs on the Orleans fault 
also, where it is of great thickness, and still dips towards the east beneath 
older rocks. From this we may conclude that the overthrusting of the 
Klamath mountains upon the radiolarian series, which was observed in 
south-west Oregon, also occurs in the west, and that the radiolarian series 
enters into the structure of the Klamath mountains tliemselves 

Tliis upper Jurassic series is represented in the Sierra Nevada by the 
Mariposa shales, which are also characterized l)y Aucella Erringtoni and 
intercalations of diabase and serpentine. Since our first description of this 
range (I, p. 581) it has been ascertained that the mass of granodiorite, 
which occupies the east of the Sierra, and from Mariposa onwards its whole 
breadth, is younger than the Mariposa shales. Its length extends over 
about 5 degrees of latitude, and its breadth in the south is more than 
100 kilometers. South of the Kern river its southern extremity abandons 

’ Gr. F. Kay, Nickel Deposits of Nickel Mountain, Oregon, Bull. U.S. Geol. Surv., 1907, 
no. 315, pp. 120-127. Fragments of radiolarian rocks enclosed in serpentine and nieta- 
gabbro are mentioned by Diller in the Roseburg folio, 1898 ; here blue amphibolite schist 
is mentioned as occurring in the Aucella-bearing Myrtle Formation. For awaruite, 
Jamieson, Am. Journ. Sci., 1905, 4 ser., XIX, pp. 413-415 ; for glaucophane, Nutter and 
Barber, Journ. Geol., 1902, X, pp. 738-744; also in particular Louderback, Journ. Geol., 
1905, XIII, p. 534 ; and Carey and Miller, Journ. Geol., 1907, XV, pp. 152-169 (cf. Ransome, 
note 8, p. 423). 

® J. S. Diller, Bragdon Formation, Am, Journ. Sci., 1905, 4 ser., XIX, pp. 379-387 ; 
0- H. Hershey, Some West Klamath Stratigraphy, op. cit., 1906, XXI, pp. 58-66. Apart 
of Diller’s pre-Trias intrusive zone would fall, if I am not mistaken, in that zone which 
18 assigned in fig. 34 to the much more recent Cascade ranges. 
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the general direction to the south-east, and makes a bend south-west to the 
Tehachapi pass (lat. 35° 10' N.). 

The sediments which border the west side of its northern half are over- 
folded towards the west, and inclined bencatli the batholite. One syncUue 
was traced along the strike for almost .‘200 kilometers. Turner lias given 
a section through the county of Amador, which shows the overfolding of 
the whole of this mighty series towards the westb The beautiful maps 
of the Survey, for example Lindgren's map of Truckce, or Lindgren and 
Turners maps of Smartsville, Jackson, and Placerville, show how frequently 
this series is penetrated by intrusive, rock. 

The correspondence of this gi*anodiorite with that of Columbia was 
recognized by Lawson as early as 1893 

Th£ Californian Coad ranges (I, p. 583). It has been shown, in 
opposition to early conjectures, that the granite of the Coast ranges is 
older than that of the Sierra Ncv'ada. It is accompanied by gneissose schist, 
mica schists, crystalline limestone, and clay slates; and is of Carboni- 
ferous, or even greater age. The radiolarian rocks, alternating with 
sandstone, here form the Franciscan series, which rests, in the })eninsiila 
of San Francisco for instance, autochthonously upon the granite. It 
extends far to the south, and there, too, is acconipanied l>y long intercala- 
tions of peridotite and other basic rocks. There also chromite, platinum, 
gold, and osmiridium are known to occur in them ; they contain rpiicksilver. 
Fossils occur in the associated shales, but are rare (Aucella, Opis, Hoplites). 
This series is the equivalent of the Mariposa beds of tlie Sierra Nevada 
and the Dothan stage of Oregon. It was formerly reganhid as Neocomian, 
by which it is covered uncon forrnably. It extends southwards as far as 
Santa Barbara. With the exception of a few traces of upper Carboniferous 
species, Palaeozoic fossils have never yet been found Ijeneath tlie Franciscan 
series : indeed this .series seems to form, over large area.s, the base of the 
normal succosvsion. It is intensely folded. According to Ran.some, the 
glaucophane schists which occur along with 1)asic rocks have their origin 
in Radiolaria. 

The Coast ranges, as we have already stated, strike obliquely out to sea 
in repeated couli.sses directed to the north-west; some of the coulis.scs are 
bounded by long rectilinear dislocations. 

One of these lines follows a direct course, running S. 35° E. from Punta 
Arena to mount Pinos, a distance of 600 kilometers. It enters the sea near 
the mouth of the G<ildeii Gate of San Francisco, and, according to Lawson, 

‘ Turner, Ann. Rep. U.S. Geol. Surv., 1804, XIV, 2, pp. 457, 486. A general map of 
the whole batholite is given by the same author in op. cit., 1896, XVII, I, p. 532, 
pi. XVIII. 

A. C. Lawson, Cordilleran Mesozoic Revolution, Journ. Geol. Chicago, 1893, L 
pp. 579-586. 
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its northern half was the starting-point of the devastating earthquake of 
April 18, 1906. This resulted from a horizontal displacement of the south- 
western part of the mountains, relatively to the north-eastern part, to the 
extent of about 10 feet in a north-west direction, and a simultaneous 
relative elevation of the same south-western part to a height which, in 
some places, reached 4 feet^ 

The other lines of dislocation have not been described in such detail, 
but we can distinguish without difficulty a series of coulisses, and also some 
recent volcanos which follow the strike fairly well and extend from Clear 
lake towards San Francisco bay 

The north is covered by a thick mantle of Tertiary beds, pierced through 
by the radiolarian beds of the Franciscan series, which stand out in sharp 
ridges. Granite first makes its appearance at Punta do los Reyes, north 
of San Francisco, and in the adjacent group of islands, the Farallones. 
This probably marks the beginning of the coulisse, which is cut off obliquely 
by the west coast of the peninsula of San Francisco. Lawson and 
Crandairs maps of this peninsula show how tlie several zones of rock, 
and the strike-faults by which they are accompanied, run out obliquely 
to the sea In the regions which succeed, the arrangement of the chains 
in coulisses has been described by Fairbanks, The granite of Punto de los 
Reyes and tlie peninsula of San Francisco runs towards the south-east 
through the sierras of Santa Cruz and Gavilan into the county of 
Monterey; its north-western extremity plunges into the sea, the south- 
western lies inland, oast of the river Salinas. 

East of this coulisse rises mount Diablo, as another independent range ; 
it forms a regular anticline striking to the south-east, but along its axis 
only the Franciscan series and serpentine are exposed ; its south-eastern 
continuation does not possess the orographic significance which many maps 
assign to it^. 

Of so much greater importance, however, is the chain of Santa Lucia, 
which lies west of the Salinas river, and rises steeply on the southern 

‘ A. C. Lawaon, Preliminary Report of the State Earthquake Commission, 8vo, 1906, 
17 pp. 

‘ G. P. Becker, Geology of the Quicksilver Deposits of the Pacific Slope, U.S. Geol. 
^urv., Monogr. XIIT, 1888, passim. 

^ A. C. Lawson, Sketch of the Geology of the San Francisco Peninsula, Ann. Rep. U.S. 
Oeol. Surv., XV, 1895, jip. 399 476, map; Leslie Raiisome, Geology of Angel Island, 
Bull. Geol. Univ. Cal., 1894, I, pp. 193-240 ; G. H. Ashley, Neocene Stratigraphy of the 
Santa Cruz Mountains of California, Proc. Cal. Acad. Sci., 1895, 2 ser,, V, pp, 273-376, 
map ; Lawson and C. Palachc, Berkeley Hills, a Detail of Coast Range Geology, Bull. 
Geol. Univ. Cal., 1902, IT, pp. 349-450, map ; R. Crandall, Geology of the San Francisco 
Peninsula, Proc. Am. Phil. Soc., 1907, XLVI, pp. 1-55, map. 

‘‘ H, W. Turner, The Geology of Mount Diablo, California, Bull. Am. Geol. Soc., 1891, 
lli pp. 383-414, map ; for the orogmphy compare the little map in Eldridge, p. 366, 
pl. XLIV. 
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shore of the bay of Monterey. Its western flank, formed of crystalline 
limestone and of ancient, sometimes gneissose schist, descends sheer to the 
sea ; its axis consists of granite ; Fairbanks shows that this axis diverges 
at an acute angle from the line of the coast and runs towards the south- 
east, crossing obliquely the valley of the upper Salinas. Its further 
continuation lies east of San Luis Obispo, and in the direction of San 
Emidio and the Tejon pass. There it seems to form a junction with the 
chains striking towards the lower course of the Colorado river and Lower 
California h 

Thus the Sierra Santa Lucia also extends far inland, but the coulisses 
which follow to the south of San Luis Obispo gradually change their direc- 
tion. To the north of lat. 36® N., according to Fairbanks and Eldridge, 
the mean strike of the folds is N. 20®~40® \\\, near San Luis Obispo N. 50®~ 
60® W., and near Point Concepcion N. 80®-90® W., so that only that part of 
the coast line which runs east and west near Santa Barbara follows to some 
extent the direction of the folds The coulisses which rise one after the 
other to the south of the continuation of Santa Lucia are largely formed 
of Miocene, but even in the Emidio chains this is folded, up to a considerable 
height The Sierra Santa Inez, the most important of the east-and-west 
chains, at the foot of which lies the coast region of Santa Barbara, mentioned 
above, is formed entirely of Miocene; the Sierra Santa ifoaioa, which also 
inns east and west, shows near Los Angeles a core of granite beneath the 
Miocene. It is continued in the islands of the Santa Barbara archipelago ; 
they stand on a common base, elongated from east to west (San Miguel, 
Santa Rosa, Santa Cruz, Aiuicapa). 

Fairbanks remarks, not without justice, that it seems as though a 
number of independent chains had been formed at different times, and as 
though the compressing and elevating forces had not always found expres-^ 
sion along the existing axes, but had fomied now axes beside them, or 
even in a divergent direction. 

The east-and-west direction is not maintained, either towards the 
interior or towards the south. 

The Santa Anna chain, which rises not far from Los Angeles, consists 
of several parallel anticlines, with a strike to N. 60® W., and runs a long 


* H. W, Fairbanks, Review of our Knowledge of the Geology of the Californian Coast 
Ranges, Bull. Am. GeoJ. Soc., 18114, YI, pp. 71-102; also Lawson, Geology of the 
Garmelo Bay, Bull. Geol.^Univ. Cal., 1893, I, pp. 1-59, map ; Bailey Willis, Some Cotist 
Migrations, Santa Lucia Range, California, Bull. Arn. Oeol. Soc., 1900, XI, pp. 417-432, 
map ; E. F. Nutter, Sketch of the Geology of Salinas Valley, Journ. GcoL, 1901, IX, 
pp. 330-336. 

^ The trendlines of this region mo given in R. Arnold and R. Anderson, Preliminary 
lilt?. ' * Oil Dislnct, Bull aeol Surv., 1907, no. 317, 66 pp > 
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way towards the mouth of the Colorado river ; Miocene, traces of Carbo- 
niferous or Trias, and crj^stalline schists are known in it. 

The great Sierra San Bernardino^ or Sierra Madre^ which is the 
probable continuation of Santa Lucia, or else a new coulisse rising in close 
alternation, strikes parallel to the sierra of Santa Anna, and its northern 
border slopes away to tin? Mohave desert. The ancient basement crops out 
with increasing fre(juency ; its covering is almost entirely of Tertiary age. 
Campbell crossed the Sierra Madre through the Cajon pass ; a fault cuts 
across the strike of the chain at an acute angle and forms the southern 
margin, probably for a long distance, towards the south-east. South of 
the fault hornblende schist is observed, and north of it coarse grey granite, 
with a few patches of altered sediments. This is followed on the north by 
sandstone and conglomerate, thrown into gentle folds, and apparently of 
Eocene ago, then towards the margin of a desert by a mighty belt of 
gravel. Here, at a height of 1,250 meters, lies the summit of the pass ; 
Cajon canon cuts completely across the ancient range b 

Beyond the Vidor and Borate ranges the desert land is covered by 
lacustrine deposits, containing at many places intercalations of borax- 
bearing Iseds, and here and there of younger lavas. These deposits are not 
of equal age ; sorm.^ are intensely folded, others undisturl)ed. Rubble formed 
]»y the disintegration of grey granite is present. There are short rocky 
ranges formed of the same granite or of highly altered sediments. Thus, 
we reach the region of the Basin ranges at the exit of Death Valley, 
This fault trough, according to S. Ball, is 190 kilometers in length, 
8-46 kilometers in Ijreadth, and sinks 123 meters below the sea-level : 
Amaryosa chain and Funeral chain, on the east, arc 1,500-2,000 meters 
high ; Fara/m Int, on the west, over 2,700 meters, and the fault trough appears 
to be one-sided, produced by a fracture on the east side of Paramint, and 
thus similar in structure to the Dead Sea in Syria. At the bottom lies 
a salt deposit b 

We are now amidst the inbreaks of the Basin ranges. The ancient 
rocks occur here, but along with them mighty beds of Palaeozoic. At no 
great distance rise the V^hiie 'mountains^ in which Walcott observed Cam- 
brian fossils and overfolding towards the west^. The adjacent gneisses 
are certainly pre-Cambrian. 

^ M. R. Campbell, Recoimaiseance of the Borax Deposits of Death Valley and Mohave 
Desert,, Bull. U.S. Geol. Surv., no. 200, 1902, 23 pp., map ; also E. W. Claypole, Sierra 
Madre near Pasadena ; Bull. Am. Geol. Soc., 1901, XIT, p. 494f 

* S. H. Ball, Geological Reconnaissance in South-west Nevada and East California, 
Bull. U.S. Geol. Surv., 1907, no. 308, 218 pp., map. 

^ C. D, Walcott, Lower Cambrian Rocks in East California, Am, Jouni. Sci., 1895, 
3rd fier,, XLIX, \)p. 141-144 •, Appalachian Type of Folding in the White Mountain Range 
uf Inyo County, tom. cii., pp. 169-174. The White Mountains form the east side of tht 
trough of Owen Valley. 
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At El Paso peak, near the southern extremity of the Sierra Nevada, on 
the north-western margin of the desert, marine Eocene fossils have been 
found. 

louer Californuu The return to the north-westerly strike may be 
recognized in the contrast between the Santa Barbara islands, which run 
from east to west, and the more southerly islands, such as San Nicolas, 
San Clemente, and Santa Catalina, which are directed without exception to 
the north-west. Thcj^ have been described by Lawson 

The mountain ranges lying cast of San Diego exliibit rocks of granite 
and gneiss, bleached white by the weather. In front of these a platform 



known as the San Diego mesa extends along tlie coast with a breadth of 
19-20 kilonietci's, and a height above San Diego of 240 meters. It consists 
of marine Pliocene and a covering of river gravel ; it is regarded as 
a Pliocene delta. Mount San Pedro (449 meters), south of Los Angeles, 
connected with the coast by a flat tongue of land, is formed of inclined 
Miocene ; Santa Catalina {fl42 meters) consists of quartzite, diorite, and 
a much younger andesite ; San Clemente (597 meters) for the greater part 
of the same andesite 

' A. C. Lawson, Post*Pliocene Diaatrophism of the Coast of South California, Bull. 
Geol. Univ. Cal., 1893, I, pp. 115-160; W. S. Tangior-Sniith, Geology of South Catalina 
Island, Proc. Cal. Acad. Sci., 1897, 3rd ser., I, pp. 1-71, map; Geological Sketch of San 
Clemente Island, Ann. Rep. U.S. GeoI.Surv., XVITl, 2, 1898, pp. 461-496, map; Topo- 
graphical Study of the Islands of South California, Bull. Geol. Univ. Cal., 1900, H, 
pp. 179-230, map ; Smith and R. Arnold, Marine Pliocene and Pleistocene Stratigraphy 
of the Coast of South California, Geol. Jouru. Chicago, 1902, X, pp. 117-138. 

* San Pedro is divided* into terraces up to a height of 366 meters, San Clemente up to 
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In our earlier attempt to represent the structure of lower California 
(I, p. 584) our information was restricted to one source, a memoir by Gabb. 
Since then observations have increased in number. With regard to the 
general stnicture Emmons and Merrill point out that the peninsula is 
directed to the nortli-north-west, while its mountain ranges run more to 
the north-west and give rise to bays on the west coast opening towards the 
north-west, so that the peninsula assumes a coulisse -like structured 
The mountains enter the peninsula from the "region north of Los Angeles 
and east of San Diego, they occupy more than the western half of its 
breadth, reach a height of 1,500-2,000 meters near their eastern side, and, 
according to Lindgren’s description, sink in a rapid descent to the depres- 
sion of lake Magnata. Since that description was written engineering 
works have given the drainage of these mountains accidental access to the 
low-lying regions. A vast sheet of water has been formed, and much 
arable land Hooded (Fig. 35) 

It was already known, from GablVs account, tliat the peninsula consists 
of long gi’anite ranges, separated from one another by flat mesas of sand- 
stone, which partly covers them, both granite and mesas being frequently 
concealed by a flow of recent volcanic rock, and broken through, near 
lat. 27^^ 30' N., by a recent group of volcanos (Tres Virgines and others). 

On the coast near San Diego, Lawson and Fairbanks observed Cretaceous 
(Chico stage with CoraUioehama Orcutti at the base) and Eocene (Tejon 
stage) underlying tlie Pliocene of the mesa ; a patch of Cretaceous lies on 
the south side of Todos SantOwS bay. Between lats. 29*^ 30' and 29*^ 20', 
according to Emmons and Jlcrrill, Cretaceous and Eocene still occur in the 
lower parts of tlie tal»le mountains. White has remarked in conue.Kion 
with the flnds near Sail Diego that Cretaceous deposits with Atlantic 
(Texan) characters cross over to the west side of the Mexican Sierra ]Madro, 
wliile a very diflerent Pacific type of Cretaceous predominates in California, 
and coiise(][uently the narrow lull range of lower California must have formed 
a dividing barrier in the Cretaceous seas 


402 meters ; the fact that the inteiTening island of S. Catalina possesses no terraces or, 
according to T. Smith, only a few traces of them in the lower liorizon, led Lawson to 
assume the existence of independent tectonic movements. Shaler (Bull. Arn. Geol. Soc., 
1895, VI, pp. 141- 16G) felt the inconsistency of this and assumed the existence of move- 
ments of the strand-line (somewhat as understood by Strabo or Chambers). 

' S. F. Emmons and G. P. Merrill, Geological Sketch of Lower California, Bull. Am. 
Geol, Soc., 1894, XV, pp. 489- 514, map, in particular p. 518 ; also Merrill, Notes on the 
Geology and Natural History of the Peninsula of Lower Caltfornia, Rep. U.S. Nat. Mus. 
Washington (for 1895) 1897, pp. 969-994. 

’ W. Lindgron, Notes on the Geology of Baja, California, Proc. Cal. Acad. Sci., 1889, 
2nd ser., I, pp. 173-196 ; McDougal, Delta of the Colorado, Bull. Am. Geogr. Soc., 1906, 
pp. 1 T6, map ; W. T. Lee, Geology of the Lower Colorado River, Bull. Am. Geol. Soc., 
1906, XVII, pp. 275-284, map, et passim. 

* C. A. White, Mesozoic and Cenozoic Palaeontology of California, Bull. U.S. Geol. 
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The northern part of the lower Californian range is formed on the west, 
along the coast, by a granite ridge, traversed by porphyrj?^ ; this is followed 
by a sei'ies of depressions described as the ' interior valleys and then, 
forming the eastern border, comes a very high and broad granite range. 
Gold-bearing river gravel occurs on the highest ridges. Towards the south 
the mountains become lower ; on the east a new granite range rises from 
beneath the mesas. Thus the chains succeed cacli other in an alternating 
arrangement. Between tlie granite ranges zones of highly altered shales 
striking to the north-west are seen ; jasper is also mentioned, but as fre- 
quent reference is also made to the radiolarian shales of the Franciscan 
series, said to occur in the coast ranges, it is possible that these rocks are 
of a similar kind. 

The land at the head of the bay of San Sebastian Viscaino is a broad 
mesa, which runs obliquely through the peninsula. 

The rocky island Cedros (Cerros, 1,205 meters, lat. 28° 20' to 28° N.) 
consists of highly altered schist, amphibolite, and serpentine, together with 
granite porphyry. Basalt flows and fossil-bearing sandstones likewise occur. 
Thej" are continued towards the south-east through the Siemi de Santa 
Clara, which stands completely isolated in a desert region, and extends as 
far as Punto Abrojos of Ballenas bay \ 

Inside of this coulisse the whole breadth of the peninsula consists of 
mesa and recent volcanic sheets. The remarkable copper-bearing sediments 
of BoUo (near the east coast) are, according to Fuchs, flat-lying Miocene 

South of lat. 25° N. the rocky cape of Sa. n Lazaro (395 meters), connected 
with the mainland by a littoral bar, runs out into the sea. This is joined 
by the islands Magdalena and Santa Margarita (578 nioters), elongated 
towards the south-east and separated 1>y lagoons from the flat mainland ; 
these also consist of highly altered vslates, .serpentine, and other rocks, and 
Lindgren regards them as forming a second coulisse, similar to Santa Clara. 
Plain and mesa now extend along the east coast down to La Paz bay 
(lat. 24°15'N.), and on the west coast as far as Lfjbos point (lat. 22° 23' N.) 

The southernmost part of the peninsula is high land. The south-west 
as far as cape San Lucas censists, according to Gabb and Eisen, of granite ; 
the peak of Santa Genoveva is said to reach a height of 8,000 feet. In the 
Cacachilas mountains the granite range runs to the nortli-north-west, east 
of the capital of La Paz, but the islands which lie in the same direction 

Surv., no. 15, 1885, p. 30. Certainly the difference in Texas is great, but it is precisely 
the beds with CoralUocliamm Orci4tti which show a certain resemblance to the upper Creta- 
ceous of the Tethys, especially the Go?au beds, as is pointed out by White himself; New 
Cretaceous fossils from California, tom. cit., no. 22, p. 9. 

^ AV. Lindgren, Proc. Cal. Acad. Scl, 1893, 2nd ser., Ill, pp. 25-33. 

* K. Fuchs, Note sur les gites cuivreux de BoJeo, liuJl Soc. geol. Franco, 1886, 8*" ser., 
XIV ; for the lavas of these regions, K. Ritter, de quelques roches eruptives de la 

Basse-Califomie, Arch. Sci. phys. et nat. Geneve, 1895, 3« s6r., XXXIII, pp. 330-344. 
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consist (at least for the greater part), like the east coast to the south of 
them, of volcanic tuff. 

The valley of tlie San Jos<? bounds the great granite range on the south- 
east ; here Gabb mentions crystalline schist. The extreme south-east of the 
peninsula, the Sierra de Trinidad (879 meters), is formed, according to 
Eisen*s statement, of crystalline limestone ^ 

Ordonez and Aguilera, in accordance with the earlier view of Gabb, 
regard the lofty southern part of the lower Californian peninsula as the 
continuation of the Mexican Sierra Madre del Sur through cape Corrientes 
and Las Tres Marias islands. The coulisses of Santa Margarita and Santa 
Clara represent its further continuations 

As regards the islands of the giilf of California I possess no information, 
with the exception of some data on volcanic rocks. According to Gabb, 
Carmen is probably a fragment of the mesa Giganta of the peninsula. The 
eastern coast of the gulf is described as a long and mighty scarp, which lies 
nearly on the continuation of the eastern scarp of the Sierra Nevada. This, 
together with the fact that the granites near Todos Santos (lat. 31° 30' to 
32° N., west coast) are white, contain hornblende, and resemble the younger 
granite of the Sierra Nevada, has led eminent geologists to suppose that the 
peninsula may correspond with the Sierra Nevada, but the gulf with the 
depression of the Owen valley, and so on. The facts we have cited tend, 
however, to confirm another view, also put forward by Mexican geologists, 
according to which the peninsula is the continuation of the coast ranges, 
and the gulf corresponds to the longitudinal valley of the Sacramento 
(I, p. 586). It is true that the younger beds, though they are folded in 
the Sierra Santa Monica, near Los Angeles, and the other cast-and-west 
trending parts of these upper Californian chains, are not folded in the 
peninsula. 

TAe south border of the Colorado plateau.. The Colorado plateau is 
like a blunt wedge, pointing south, and is inserted between the chains 
which, to use Dutton's simile, stream towards Mexico like an army of cater- 
pillars crawling from the north-west and north-east. 

This southern part of the plateau was certainly a continent during 
a great part of the Mesozoic aera. Overlying the upper Carboniferous, 
from the border of the lavas, which surround the great cone of the San 
Francisco (13,000 feet), to the Colorado Chiquito (Little Colorado), and far 
beyond this river, are first bi'ownish-red clays witli salt and gypsum, and 
then conglomerate, sandstone, and some limestone (Shina-rump formation), 

' G. Eisen, Exploration in the Cape Region of Baja California in 1894, Proc. Cal. 
Acad. Sci., 1896, ‘2nd ser., V, pp. 732-778, in particular p. 754, maps ; cf. an illustration 
in Diguet, Ann. de Geogr., 1900, IX, p. 246, pi. XL 
^ Bosquejo geoldgico de Mexico, Bol. Inst. geol. Mexico, nos. 4, 5, 6, 1897 ; Ordonez, 
p. 51 ; Aguilera, p. 189. 



430 THE APPEAEANCE OF THE ANDES [party 

which contain the frequently-mentioned fossil woods of Arizona. Remains 
of Eelodons and Labyrinthodons have also been found. Then follows, 
chiefly on the east and north-east, the red sandstone of the ‘Painted 
Desert', which extends to New Mexico, and is finally surmounted by 
transgressive patches of Cretaceous ^ 

New Mexico also furnishes a Trias flora {Cheirolepis Milnsteri and other 
plants), which is found at Abiqui, 80 kilometers north-west of Santa Fd. 
This locality is situated in the Chama valley, on the border region of the 
plateau. 

On the south-west, from the Great Canon almost as far as Fort Apache, 
a distance of nearly 400 kilometers, the plateau ends in the Aubray cliffs, 
a scarp formed by the basset edges of the upper Carboniferous, which has 
just been mentioned as the basement of the Trias. It is flat-bedded and 
overlooks, especially where it forms the Mogollon mesa, the country lying 
towards the south-west. From Fort Apache onwards, lavas of increasingly 
recent ago advance to the border. From the most southerly point the 
boundary turns towards the north-east, and reaches the Rio Grande, which, 
for more than 300 kilometers, separates the plateau from the sierras ; and 
then, .south of Albuquerque, the outrunners of tlie Rocky mountains make 
their appearance ^ 

In front of the steep south-western border lies, according to Ransome 
and Leslie, a zone of mountains, 110-200 kilometers in breadth, which 
strike, between the plateau in the east and the Gila desert in the west, 
first to the south-east and then to the south. Their western boundary is 
marked by Fort Mohave on the Colorado river, and the towns of Phoenix 
and Tucson. They reach a height of 8,000 feet, and are often assigned to 
the Basin range, yet no folds, only fractures, are to be seen. The mining 
district of Globe (lat. 33*^ 15' to 33"’ 30' N., long. 110^ 45' to long. 111^ W.) 
presents, apart from various eruptive rocks, a Palaeozoic series, including 
the upper Carboniferous, which is only traversed by normal subsidence 
faults, so that we might almost suppose we had before us a downthrown 
belt of the plateau itself. Further east also, in the Clifton Morenci district 
(lat. 33° to 33° 15' N., long. 109° 15' to 109° 30' W.), folding is scarcely 

’ Lester F. Ward, Status of the Mesozoic Floras of the United States, Ann. Rep. U.S. 
Geol. Surv., 1900, XX, 2, pp. 211-430, in particular p. 320 et seq. ; and Monograph 
XLVIII, 1905, pp. 13-46. 

* W. M. Fontaine and F. H. Knowlton, Notes on Triassic Plants from New Mexico, Proc. 
U.S. Nat. Mus. for 1890, XIII, pp. 281-285; C. E. Dutton, Tertiary History of the Grand 
Canon District, U.S. Geol. Surv., Monograph II, 1882, pp. 14-15 ; Mount Taylor and the 
Zuhi Plateau, Ann. Rejj., f886, VI, pp. 109-198, inai)s, in particular p. 118, pi. XII; 
C. L. Herrick, The Geology of the Environs of Albuquerque, New Mexico, Am, Geoh, 
1898, XII, pp. 26 43 ; and Report on a geological Reconnaissance in West Socorro and 
Valencia Cities, New Mexico, op. cit., 1900, XXV, pp. 331-346, maps. A peculiar 
description of the south-western chains is given by J. E. Spurr, Origin and Structure of 
the Basin Ranges, Bull, hpi, Geol. Soc., 1901, XII, pp. 217-270, map. 
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perceptible. Here Cretaceous sets in ; its discordant overlie is ascribed 
Bot to tectonic processes, but to erosion ; it is disturbed, however, by 
a recent intrusion of diorito porphyry. Recent flows of lava occur in both 
districts ; and spread out in both, as the most recent formation, is the mighty 
Gila conglomerate. This is a fluviatile deposit, formed along the lines of 
the existing valleys, but at a time when the mountains were much higher. 
A few patches occur up to a height of 5,000 feet h 

This conglomerate slop(3S away on the south-west to the desert, from 
which rise a few short and little-known chains. Nowhere l)ut in these 
can we possibly suspect a continuation of the Mesozoic series of the Basin 
ranges. Further towards the north-west, east of Cadiz, is a height which 
exposes Cambrian beds 2 . 

Then follows the lower course of the Colorado, which lies in a 
depression. 

The south-eastern l) 0 rder of the Colorado plateau presents a different 
character. South of AlVaujucrqiie the Rocky mountains come to an end. 
The region between the upper Pecos (down to lat. 31® N.) and the south- 
eastern l)order of the plateau possesses a structure of purely Mexican type. 

Two series of sierras striking to the south-east fill the space between 
the Rio Pecos and the Rjo Granule. They are folded, and after the folding 
wore cut throiigh Ijy considerable faults, striking south-east, which have 
(leterminod their existing form The stratified succession shows that 
Mpproaching completion of the series which may so often be observed at 
the entrance to a folded land. Thick upper Carboniferous limestone is 
overlain by the red gypsiferous clays of the Permian (and the Trias?) of 
Texas ; in the Malone mountains (lat. 31® 15' N., right bank of the Rio 
Grande), according to Cragin s accounts, Jurassic with Perisphinctes also 
occurs, belonging to tlie Kimmeridge stage or Tithonian, and corresponding 
with the Mexican Alamitos stage; then follows, with subordinate modifica- 
tions, the Texan Cretaceous series^. 

Tlic first series of sierras begins with the Jacarille mountains (lat. 34® N.), 
which lie near the end of the Rocky mountains. They are continued 
witiiout interruption into the Sierra Sacramento and Sierra Guadelupe. 
Then from lat. 31® N. onwards the Cretaceous plateau of Stockton crosses 
over to the west side of the Rio Pecos ; the sierras pass the last out- 

^ F. L. Ransome, Geology of the Globe Copper District, Ar., U.S. Geol. Surv., Profess. 
Papers, no. 12, 1903, 168 pp., maps, in particular pp. 10, 14-16; W. Lindgren, The 
Copper Deposits of the Clifton-Morenci District, Ar., op. cit., no. 43, 1905, 375 pp,, maps, 
in particular p. 51 et seq. '' 

* Darton, Iron Mountain near Siam, Journ. Geol., 1907, XV, pj). 470-473. 

^ C. U. Keyes (Structures of Basin Ranges, Journ. Geol., lOOo, Xlll, pp. OS^-TO) states 
that the folding is pre-Cretaceous ; I follow Stanton’s data in Cragin\s work on Malone. 

* F. W. Cragin, Palaeontology of the Malone Jurassic Formation of Texas, Bull, U.S. 
Geol. Surv., no. 266, 1905, 109 pp., map. 
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runners of the western Altaides (IV, fig. 12, p. 79), and are cut through 
in the San Jago chain by the Rio Grande. 

The second series begins further north. It is particularly high (3,900 
meters, valleys at a level of 1,100 meters), and formed for the greater part 
of upper Carboniferous limestone and recent volcanic rocks. But it also 
includes the Jurassic Malone mountains, and south-east of these the Quit- 
man mountains, in which, according to Stanton, the whole Cretaceous 
succession is overthrown towards the east. 

The ‘bolson’, that is, the depression, devoid of outflow, which lies 
between the Sierra Sacramento of the eastern series and the Sierra San 
Andrea of the Avestern series, is covered by salt and gypsum, derived from 
springs in the red Permian ^ The bolson, 75 kilometers in length, in the 
west of the Guadelupe chain (lat. 32° 15' to lat. 32' 31/ N.), is a fault-trough, 
according to Hill. Between the Organ and Hueco mountains (lat. 32° 10' N.) 
we come upon a recent lava stream, which has flowed down for 50 kilo- 
meters from the north, and now forms a ‘ mal pais * not easy to cross In 
the Sierra Vicja on the Rio Grande, Cretaceous coal makes its appearance 
Without much change in character these sierras reach the Rio Grande, 
which runs athwart them between lats. 29° 45' and 29° N. Beyond the 
river they are continued through Coahuila into western Tarnaulipas. 

Mexico, The southern outrunners of the Rocky mountains have dis- 
appeared. The Colorado plateau terminates in Arizona and New Mexico. 
Troops of chains, of the same tectonic type as the Basin ranges, and with 
a prevalent strike to the south-east, cover the land, and form the continua- 
tion of the sierras described on the other side of the Rio Grande, On the 
Pacific side, the coast range is continued from the north-west through lower 
California and the Marias into the Sierra Madre del Sur, which forms 
a great arc concave towards the north-east, embracing all the sierras of the 
interior. 

Up to twenty years ago three orographic zones were supposed to 
cross the breadth of the country, namely, a Sierra Madre C)ccidental, 
a Central Meseta, and a Sierra Madre Oriental. In 1890, Heilprin 
showed that the wliole land is folded, and that its inequalities have 
been levelled up in the case of the Central Meseta by volcanic ejecta- 
menta The important results of the Geological Survey, and in particular 
the comprehensive descriptions of Aguilera, have established the fact that 

* C. L. Herrick, Geology of the White Sands of New Mexico, Journ. Geol., 1900, VIII, 

pp. 112-126, map. ♦ 

* R. S. Tarr, Recent Lava-flow in New Mexico, Am. Nat., 1801, pp. 524-527. 

* T. W. Vaughan, Reconnaissance in the Rio Grande Coal-fields of Texas, Bull. U-S- 
Geol. Surv., 1900, no. 164, 100 pp., map. 

* A. Heilprin, Geology and Palaeontology of the Ci-etaceous Deposits of Mexico, Proo- 
Acad. Nat. Sci. Phil., 1890, pp. 445-469. 
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there is no Sierra Maclre Oriental, but that the sierras of the interior 
ilccrease in height towards the Atlantic coast and run out in free ends. It 
has also been shown that an arcuate marginal fracture next the gulf of 
Mexico does not exists 

Let us first consider the stratified succession. 

Marine Palaeozoic beds are seldom visible. Duinble mentions, as occurring 
in the river basin of the Yaqui, Sonora, and on the road to Hermosillo, 
upturned quartzites, and also granular limestone and schist; on their 
basset edges upper Silurian with Cyathophyllum and Heliolites rest 
unconformably but, apart from these occunences in the north-west, no 
Palaeozoic fossils are known, until upj>er Carboniferous limestone once 
more crops out very far to the south. 

In Sonora, especially at Los Bronces (east of Tecoripa), in the coal-field 
of Santa Clara, and further towards Hexmiosillo, conglomerate and sand- 
stone with workal)Ie coal seams and a Mesozoic flora (Dumble's Barranca 
stage) rest on a basement which is sometimes Palaeozoic, probably, and some- 
times pre-Cambrian 'K Further south they rest on the denuded Archaean. 
Aguilera mentions them at numerous localities in Sonora, Puebla, and 
Oaxaca 

It seems as though this stage followed the strike of the ancient rocks 
ol* the west and south. Similar plant-bearing bods are also known in 
Honduras; there tliey possibly rest on upper Carboniferous limestone 

Their flora is often described as Rhaetic, but since stress is lai<l on its 
affinity with that of Abiqui, North Carolina, and Richmond, and no exact 
ilescripti<jns exist, it is uncertain whether it sliouLl not rather be correlated 
with the flora of the Keuper. In any case, it appears that the areas 
indicated were dry land during a part of the Trias epoch. The traces of 
sludls, which Oabb described from Los Bronces, are of too doubtful a nature 
to overthrow this conclusion 

* J. tx. Aguilera, flosquejo (leologico do Mexico, Bol. Inst. geol. Mexico, nos. 4, 5, 6, 
^807, 207 pp., nui]), uiid Sobre las coiidiciones tectonicas de la Republica Mexicana, Svo, 
Miixico, 1901, 34 pp. 

* E. T. Duinble, Notes on the Geology of Sonora, Mexico, Trans. Am. Tnst. M. E., 1899, 
‘d pp. 

E. T. Dumble, op. cit., and Triassic Coal and Coke of Sonora, Bull. Am. Geol. Soc., 
IW, XI, pp. 10-14. 

* I. G. Aguilera, Bosquejo Geoldgico de Mexico, Bol. Inst. geol. Mexico, nos. 4, 5, 6, 
1^97, p. 202* 

” S. Newberry, Rhaetic Plants from Honduras, Am. Joiyu- Sci., 1888, 3rd ser., 
XXXVI, pp. 342-351 ; Taeniopteris glossopferoides Newb. and Nilssonia polymorpha Nath. 
A marked generic correspondence unites this flora with that of Los Bronces in Sonora. 

Gabb, in Geology of California, I, p. 28, Panopaea ? Above the Barranca stage 
Bumble describes in Sonoira andesitic lavas which are older than the Cretaceous, and 
tcuns them the Lista Blanca stage. I have no further confirmation of andesitic erup- 
tions in this period. 

SOLLASXV V f 
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The case is diflerent further inland. Here Burckhardt and Scalia have 
made us familiar with a Carnic fauna from Zacatecas; some species 
(Sirenites, Juvavites) are allied to those of the Californian Trias ^ 

Lias forms the next stage. Bose s accounts give several localities for 
it in the east and south-east (Mexico, Quer^taro, Hidalgo, Puebla, and 
Veracruz) 

With regard to middle Jurassic there is an almost complete dearth of 
information. 

Nikitin was the first to mention the occurrence of Aucella in Mexico. 
In the Sierra de Catorce, Castillo and Aguilera have distinguished a lower 
(Alamitos) stage with numerous Perisphinctes, and an upper (Ceneguita) 
stage with Aucella Burckhardt has fumished very detailed information 
concerning the Kimeridge, Portland, and Neocomian in the Sierra de 
Mazapil. Many species occur which in Europe belong to the Tethys. 
Amidst the series thus characterized, a bed with Axicdla Pallasi makes 
its appearance as an Arcto-Russian intercalation above the horizon of 
Idoceras Baldet'uviy and beneath that of Haplocems Fialar. Virgatites 
are mentioned as occurring somewhat higher up^. 

The upper Jurassic of Malone on the Rio Grande, with its European 
characters, has been already mentioned. Beds of ^the same European type 
are also seen at Oaxaca, in the south 

Neocomian with llolcostephanus, next comes on, near Mazapil, then 
thick limestone^ a zone with Parahoplites, and finally, in a vast transgres- 
sion and of great thickness, the middle and upper Cretaceous. This is in 
the main an extension of the Texan Cretaceous, and foruis a considerabh* 
part of the folded sierras of central Mexico. 

Marine Eocene and Miocene nowhere advance far into the interior. 

The Cretaceous limestone mountains were covered, probably after th<i 
middle Tertiary epoch, l»y ashes and lava ejected from hundreds of eruptive- 
centres, of which only a very few are now recognizable. On the west in 
particular they support a great mass of acid ejectamenta. 

The series of rocks concludes with the volcanos of the present day, 
which include some of the most stupendous in the world. The Pic of 

' C. Burckhardt and S. Scalia, Faune marine du Trias superieur de Zacatecas, Bol. 
Inst. geol. Mexico, 1905, no. 21, 41 pp. 

* E, BOse, Lias in Mexico, Zeitschr, deutsch, geol. Ges., 1898, pp. 168“175. 

* Nikitin, N. J. f. Min., 1890, II, p. 273 ; A. del Castillo y J. G. Aguilera, Fauna fosil 
de la Sierra de CatorcCj^ Bol. Com. geol. Mex., 1895, 1 ; Felix, in J. Felix and II. Lent, 
Beitrag zur Geologie und Palaeontologie der Hepublik Mexico, 3 parts, 1889-1899, 1I» 
1899, p. 164. 

^ C. Burckhardt, Geologie de la Sierra de Mazapil, Guide X® Congr. geol., 190f)» 
no. 26, 40 pp., maps ; and La Faune Jurassique de Mazapil, Bol. Inst. geol. Mcx., 1906, 
no. 23, 216 pp. 

® Felix, op. cit., Ill, 1891 (Palaeontographica, vol. XXXVII), p, 140 et seq. 
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Orizaba measures 5,549 meters in height, Popocatepetl 5,450 meters, 
Ixtaccihuatl 5,280 meters ; Nevada de Toluca and others exceed 4,000 meters 
in height. Some, such as Colima, have been very active in recent times. 
Jorullo, with its four cones ^ rising on a line running to the north- north- 
cast, first came into existence in September, 1759, or at least was further 
developed at that time. 

In Sonora the west side of the Sierra Madre Occidental presents, as we 
have seen above, ancient rocks, Silurian, and the Barranca stage of the 
Trias, with its coal-beds; patches of Cretaceous limestone and volcanic 
ejectamenta cover a great part of this substructure. Towards the south 
the volcanic accumulations rapidly increase in importance. The transverse 
section drawn by Weed from Parral (south-west Chihualiua), west-south- 
west, to the lower course of the river Sinaloa, shows the intensely folded 
sediments as occurring for short distances in the western foothills and the 
lower part of the eastern border only. In place of a mountain chain we 
have a dissected plateau, 2,500 meters in height, in its highest parts even 
3,200 meters, which towards the east sinks gradually to the lofty inner 
plateau ; but towards the west, a little west of Guadelupe y Calvo, it presents 
a high and steep cliff. This cliff, ho\vever, does not represent a fracture. 
Jt is the result solely of 4enudation, and the zone of foothills, about 24 kilo- 
ineters in breadth, which separates it from the low-lying coast region is 
formed by the basement beds of the great plateau. The plateau itself once 
extended further tow^ards the west. 

The history of these table-mountains is as follows : Upon the folded 
sodiiiients a great quantity of flat-lying, coarsely stratified, andesitic breccias, 
tuffs, and lavas was piled up. Local eruptions of monzonitic rocks occurred. 
Then the whole andesitic land wjxs cut through, much in the .same way as the 
existing surface, by a number of valleys, some of them very deep. Then 
all these valleys and the whole andesite mass w’^cre covered up by rhyolitic 
and ilacitic flows and ejectamenta, wdiich produced new plateaux over the 
old furrowed plateaux of andesitic rocks. Upon these, finally, plateaux of 
l^asalt occur here and there and represent the most recent formation. The 
existing configuration has been produced by denudatioii, and from Weed's 
description we understand liow it is that only andesites and not rhyolites 
arc mapped in the western foothills 

I E. Ordonez, Le Jorullo, Guido X® Congr. gool., 1006, no. XI, 54 pp., map. 

VV. H. Weed, Notes on a Section across the Sierra Madre Occidental of Chihuahua 

Siiioloa, Mexico, Bull. Am. Geol. Soc., 1902, 15 pp. ; and Niites on certain Mines of 
bhihutihua, Sinoloa and Sonora, Mexico, op, cit., 1902, 48 pp. Details relating to 
l^arral are given by P. Waitz, Guide X« Congr. geol., 1906, no XXI, 21 pp., map, and 

eblcs, op. cit., XXII ; in a corresponding manner Hovey describes the mining district 
onjuaynopita (West Chihuahua) in Festschrift auf H. Rosenbuseh, 8vo, Stuttgart, 1906, 
Vp. ^7 95 ; a survey of Chihuahua is given by the same writer in Bull. Nat. Mus. N.Y., 
'^07, XXIII, pp. 401-442, map. 
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These data confirm the excellent description of the great Sierra and its 
rhyolites, which was published a little earlier by Ordoftez b It is obvious 
that the Sien*a Madre Occidental is for the greater part of subaerial origin. 
The northernmost parts of Sonora present a certain resemblance to the 
jagged hill ranges on the margin of the Gila desert of Arizona. Further 
south the several ranges press more closely together, and then follows the 
volcanic covering. 

In Durango and Topic, as in Sinaloa, an older eroded andesite formation 
may be perceived l)eneath the rhyolites. The rhyolites extend for the most 
part over the Sierra Madre Occidental ; towards the cast, on the Meseta 
Central, they are less widely distributed. On the Sierra they seem to have 
proceeded from great fissures, running as a rule with the strike, but on the 
Meseta from isolated centres of eruption. The Biifas, massive l)lunt pillars 
formed of rhyolitic groundmass reduced to fine dust, are in no small part, 
according to Ordonez, the hardened contents of the funnels. The great 
Bufa of Guanajuato, which contains large blocks of biotite granite and 
other rocks brought up from below, and is surrounded by a zone of Locero, 
i.e. of homfels produced by the contact alteration of a red conglomerate, 
may be regarded as a typical example. 

Towards the south part of Jalisco, according to the sketch map by 
Ordonez, the rhyolites disappear; they are concealed by tlie basic lavas 
of the existing volcanos, but still crop out l)etween them, as, for example, 
in the Navaja^y south of Pachuca, which include fragments of a meseta 
more than 3,500 meters in height. 

The volcano of Coboruco and other recent con(3.s conceal any orographic 
boundary winch might delimit the hills on the side next cape Corrientes. 
Those who have sought for a boundary to the Sierra Alaflre (Jccideiital in 
the configuration of the country have fixed upon the Rio de las Balsas, 
which lies much further south. But its valley is merely a superficial 
feature, due to erosion. 

It is a fact of importance that the rhyolitic eruptions, which extend 
only a short distance towards the east into the Meseta Central, turn towards 
the south-east from Tepic and Jalisco onwards, and even in the direction 
of Jalapa remain visible beneath and between the existing volcanos, nearly 
up to the east coast. The amp by Ordonez clearly vndicaies that the older 
volcanic range of the Sierra Madre Occidental hende round into the zone of 
the existing volco/aoii, 

^riie Meeeta Central is higher in the south, in the direction of the recent 
great volcanic mounfains, and loses in height towards the north, reaching 
its lowest point (1,700 meters) in the Boison de Mapimi, 


^ E. Ordonez, Las Rhyolitas de Mexico, Bol. Inst. geol. Mex., nos. 14, 15, 1900 
1901, 75 and 76 pp., ^lap. 
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Here its resemblance to the Basin ranges, as shown by the repeated 
trough-like subsidence of the folded mountains along extensive faults, the 
numerous but less considerable volcanic accumulations, and the closed drain- 
age system, is most manifest. The drawings and written communications 
which I owe to the kindness of Herr Edmund Nauraann, supplemented by 
the accounts of other observers, are my authority for the following account. 

In the State of Parral, as well as in Cai-men (on the boundary between 
Durango and Chihuahua), we are still within the region of the volcanic 
jsliecjts of the Sierra Madre Occidental, which are here about 800 meters in 
thickness. Further towards the east lie regions where long folded Cretaceous 
ranges, striking towards the north-west, are separated by broad level plains, 
wliich are diversified by volcanic hills and walls. 

The folding of the Cretaceous limestone is here carried to an extraor- 
dinary degree. Robert Hill states that in tlie Sierra Almoloya (Chihuahua, 
between Parral and Ximenes) it even goes as far as the formation of 
pliuiging sheets, with marmorization or foliation of the limestone. Were 
it not for the ‘ recumbent folds*, visible in the steeply upturned ends of the 
sheets, we should regard the sierra as a long quaqiiaversal dome. Intens^i 
overfokling toAvards the north-east is also mentioned by Naumann as 
occurring in the Sierra** Cad ena (north Durango), a range 60 kilometers 
in length. This direction of the folds, together with a constant strike 
of the numerous chains and fractures towards the north-west, prevails 
over the whole of this region. The folding is everywliere older than the 
volcanic accumulations of the Sierra Madre Occidental. 

To the north-east of the Sierra Cadena we reach a plain, 25 kilometers 
in breadth, and then the Bu/a de Mapimi (2,400 meters). This is a 
lepetition of the Sierra Cadena, but of less length. Like this range it 
sloj)es gently towards the south-west and steeply towards the north-east ; 
the descent towards the north-east amounts to 700 meters, and at the 
lK)ttom of a trough-like inbreak lies the rich ore deposit of the Ojuela. 
This is a vertical pipe, about 30 meters in diameter, which has been opened 
up l)y mining to a depth of 600 motel's ; it is in pipes of this kind that the 
auriferous and argentiferous lead ores of this region occur. All the pipes 
are connected with great fissures. According to Naumann they appear to 
bo the final expression of eruptive activity, and it seems as though the 
t*ruptive dykes were cut off by the processes involved in their foi*mation. 
To the north-west of the Ojuela we meet with volcanic rock in the same 
fault-trough. , 

On the other side of the Ojuela a short horst forms the Cambio chain ; 
is possible that towards tlie north-eiist sediments older than the Cretaceous 
take part in its formation. Then we again reach a depression, 20 kilometers 
hi breadth, hilly towards the north, and presenting a chain-like arrange- 
uiout ; finally we cross another sierra, precipitous on that side, however, 
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which faces south-west, and beyond this is the station of Besmejillo, on 
the Central Mexican railway. 

The volcanic rocks in this part of eastern Durango are associated with 
strike fissures and make their appearance sometinies as dykes, sometimes 
as volcanic cones K 

In the south of the Bolson de Mapimi, at Parras, and nearly as far 
as Mazapil, tlie folds strike not to the south-east, but to the east-south- 
east and nearly cast and west; at Parras, and in the direction of Monterey, 
there is a tendency to form oval hrachyanticlines. The ore-bearing sierras 
near Mazapil, formed of Jurassic and Cretaceous, owe their richness to 
igneous intrusions, which while forcing their way up have absorbed the 
adjacent rock 

Tlie famous ore -deposits of Zacatecas and Guanajuato have originated 
ill similar intrusions, but at both localities sericitic schists crop out, reprti- 
senting a Ijasement not elsewhere visible in this part of Mexico. From th(^ 
account of Burckhardt and Scalia it appears that the Camic Trias met 
with here is intimately associated with spilite {Rocct vevde), thus recalling 
similar occurrences in the Alps ^ 

Let us now turn our attention to the so-called Sierra Madrc Oriental, 
It does not form a tectonic unit. The behaviour of the Cretaceous is 
instructive hero. Further south, at Cardenas, between San Luis Potosi and 
Tampico, Bose has shown that the lower Senonian, besides containing 
Exogyra costata and some other North American species, presents the Gosaii 
facies, which is continued here from Jamaica^. Traces of it have also 
been discovered between Monterey and Saltillo, and here in the north it is 
covered by coal, which, according to Aguilera, forms the base of the Laramie 
staged Robert Hill, who is intimately acquainted with Texas, has shown 
^ An abstract was given by E. Naumann in a communication to the Zeitschr. deutscli. 
geol. Ges., 1898, pp. 106-108, and Ber. Senckenb. naturf. Ges., 1901, p. 88; also .1. 
Villarello, Le Mineral de Mapimi, Guide X® Congr. geol., 1906, XVIII, 18 pp., and 
E. Bdse, Mines de soufre de la Sierra de Banderas, op. cit., XIX, 11 pp. For the 
recumbent sheets of the Sierra Alinoloya, R. Hill in Science, May 3, 1907, new ser., 
XXV, pp. 710-712; for the bufa, E. Angermann, Parerga Inst. geol. Mex., 1907, lb 


pp. 17-25. .... 

* Not by penetrating hollow spaces, as I once thought, nor by active participation m 

the folding. The folding is here an independent process, older than the intrusion ; 
faults were subsequently fonned ; this is shown with particular clearness^ by the Siena 
de Concepcion del Oro overfolded towards the north ; Burckhardt, Geologie de la Sierra 
de Mazapil, Guide X® Congr. g^ol., 1906, no. XXVI, 40 pp., maps, in particular p. 36 ; 
Sierra de Concepcion del Oro, op. cit., XXIV, 24 pp., maps. ^ 

® Burckhardt et Scalia, Geologie des environs de Zacatecas, Guide X® Congr. geo » 
1906, no. XVI, 26 pp., maps ; and Villarello, Hores, et Robles, fitude de la Sierra ‘W 
Guanajuato, op. cit., no. 15, 23 pp., maps. 

* E. BOse, La Fauna de Moll, del Senon. de Cardenas, Bol. Inst. geol. Mex., ' 


1906, 95 pp. 

^ J. G. Aguilera/ Guide X® Congr. geol., 1906, no. XXVII, Giscroents car 


bonifores 


de Coahuila, 17 pp. 
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that the brackish-watcr Laramie stage of the United States occurs with 
unaltered character in the sierras between the Rio Pecos and Rio Grande, 
and from Presidio del Norte to Tampico, so that it shares the folding of 
the eastern sierras of Mexico almost as far as lat. 22° N. We know from 
Aguilera that it extends into northern Coahuila. 

Here, as in the Rocky mountains (and also in a great part of the Inter- 
mediate range), according to R. Hill, the last folding occurred after the 
Laramie and before the Eocene. According to HiU’s sketch, taken near 
Lauipazos (west of Laredo on the Rio Grande), it was directed towards the 
east. The Eocene of Laredo contains the characteristic species Venevicardia 
planiwsta 

The detailed sections drawn by Bose, from Veracruz westwards, beneath 
the outrunners of the Pic of Orizaba, show various sub-divisions of the 
Cretaceous ovcrthnist in imbricate fashion towards the sea 

The whole of the Sierra Madre Oriental consists, so far as it is known, 
of the echeloned free ends of numerous chains folded towards the east 
and north-east. 

A completely different structure is presented by the Sierra Madre dd 
Sm\ Beginning in cape Corrientes it runs to the east-south-east, through 
Michoacan, Guerrero, Oexaca, Tehuantepec, and Chiapas, as a broad range, 
slightly concave tow^ards the north, formed of very ancient rocks. It is, 
without doubt, the most important trend-line of Mexico. 

A section drawn from Acapulco to Veracruz, which Bose and Aguilera 
laid before the Geological Congress of Paris in 1900, showed, near Aciipulco, 
a zone of gneiss and mica-schist, about 70 kilometers in breadth, then 
Crcbiceous, a second zone of gneiss, then lacustrine Tertiary, again Creta- 
ceous, and again mica-schist ; next follow, on the plateau (2,000 meters in 
lieight), great deposits of gypsum, recent eruptive rocks, in particular 
andesite, traces of plant-bearing Trias, then once more gneisvses, some of them, 
perhaps, fairly r(?cent ; beyond these, near Ocatlan, granite, and again, 
finally, Cretaceous. 

The section drawn by Felix and Lenk from Puerto Angel, in Oaxaca, 
northwards across the Sierra de Cimaltepec and Sierra de Ejutla, gives 
a very great breadth to the southern and most important range ; the 
lieight exceeds 3,0(K) meters 

The Sierra Madre Occidental is thus a volcanic tabular range which 
covers almost completely a folded range lying beneath it ; it makes a bend 

^ R. Hill, Science, May 3, 1907, new ser., XXV, pp. 710-7*12, Am. Journ. Sci., 1893, 

aer., XLV, pp. 307-324. 

^ E. Bfise, Geologia de los Alrededores de Orizaba, Bol. Inst. geol. Mex., no. 13, 1899, 
PP« I Ein Profil durch den Ostabfall der Siefra Madre Oriental von Mexico, Zeitschr. 
doutsch. geol. Ges., 1901, pp. 173-201. 

Eelix und Leuk, Beitrag zur Geologic und Palaeontologie der Republik Mexico, 
parts, 1889-1899, II, p. 1 et seq., pi. V. 
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towards the Sierra Madrc del Sur. The Meseta Central is a broken-in 
folded land, of much the same type as the Basin ranges. The Sierra Madrc 
Oriental is formed by the ends of the folded ranges of the Meseta Central. 
The Sierra Madre del Sur, on the other hand, is a broad, gently curved 
range of gneiss and other ancient rocks. 

In front of the Sierra Madre del Sur the zone of recent volcanos, 
70-100 kilometers in breadth, runs obliquely across Mexico. Its lavas are 
andesites and basalts. Its ejectamenta have greatly increased the height 
of the surrounding country. 

Humboldt believed that these volcanos had been built up over a trans- 
verse fissure. Felix and Lenk, who travelled through Mexico in 1888 and 
1889, differ from Humboldt in so far as they assigned to a clifi* which 
bounds the plateau on the south, from the west almost to Popocatepetl, 
the significance of a fracture or fault ; they also assumed the existence of 
a principal line of volcanic activity running to the east-south-east, almost 
corresponding with this cliff, and of numerous secondary fissures, which 
approaching from the north joined it more or less at right angles. Of thest^ 
secondary fissures two are more important than the rest, one running 
through Tlamacos, Tlaxcala, Ixtacciliuatl, and Popocatepetl, and the other 
from Cofre de Perote to Pico de Orizaba • 

It has been objected to this view that it leaves out of account several 
great volcanos of the plateau such as Malinche, and the more remote 
volcano of Tuxtla, or refers them to secondary fissures ; w hile ("olima, 
Tancitaro, Jorullo and othei’s lie vrholly south of the cliff. Consequently 
Sapper, in 1893, assumed the existence of only two principal lines, a longer 
one on the north running from the volcano de San Juan in Tepic to the‘ 
volcano of Tuxtla, and a shorter one on the south running from the Bufa 
to Jorullo; transverse lines he dispensed with altogether *'^. 

Heilprin discovered in 1890 that near Orizaba on the east, past Tehuacaii 
to the south-east, and in the state of Morelos on the west, the folded Creta- 
ceous limestones underly the volcanic ejectamenta, and in particular tlui 
spurs of the Pico de Orizaba and Popocatepetl ; and he came to the conclu- 
sion that no fault-scarp exists, but that the volcanos are seated on the 
folded Cretaceous formation, which strikes away beneath them ’*. Bose 
arrived at a similar result; according to his representation the great 
volcanos should correspond r?ither with the strike of the folded Cretaceous 

* Felix und Lenk, op. cit., I, passim ; also Ueber die tektoniseben Verbaltnisse der 
Republik Mexico, Zeitsebr. deutsch. geol. Oes., 1892, pp. 303-823, map; Ueber die 
mexicanische Vulcanspaltc, op. cit., 1894, pp. 678-681 ; and Bemerkungen zur Topo- 
grapbie und Geologie von Mexico, op. cit., 1902, pp. 426-446. 

^ C. Sapper, Ueber die rfiiumliche Anordniing der mexicaniseben Yulcane, Zeitschr- 
deutsch. geol. Ges., 1893, pp. 674-577, map. 

® Heilprin, Geology and Palaeontology of the Cretaceous Deposits of Mexico, 

Acad. Nat. Sci. Phil., 1890, pp. 463 et seq. 
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ranges which approach the Sierra Madre at right angles. The steepness of 
tlie slopes has usually been overestimated. 

Isolated maare occur, in connexion with which no fractures are visible. 
Nevertheless, the possibility of the existence of fissures is not denied. In 
particular the transverse line which terminates in Popocatepetl is cited as 
an example, and Bose supposes that the eruptive txctivity has vmxdered 
.southwards along this line from Ixtaccihuatl (4,800 meters) through an 
intermediate crater to Popocatepetl (5,425 meters). 'It might well be 
described/ says Bose, ‘ as a volcano with a travelling crater 

Many circumstances combine to obscure the problem. As a volcano 
increases in height, so docs the extension of the base, and with this the 
concealment of the substructure. A zone, 100 kilometers in breadth, and 
covered out of sight, affords too much room for conjecture. We may be 
content for the present with the general fact that a broad zone of lofty 
volcanos runs across Mexico. 

The tenn ‘across' is certainly correct in a topographic sense, but it 
would be more difficult to show that it also holds in a tectonic sense. The 
volcanic zone runs fairly parallel with the Sierra Madre del Sur. Bose 
has also observed this fact. The gneiss of this zone strikes to the west- 
north-west ; if we regard cape Corrientes as belonging to the north-east 
border, then the direction lies between west and north. The prevailing 
strike of the Cretaceous folds is only exceptionally, as at Parras and 
Mazapil, west-north-west to west, elsewhere it is approximately N. f30°- 
40° W. Bose has also traced these folds with a strike to N. 30° W. beneath 
tlie spurs of the Pico de Orizaba. 

Aguilera and Ordonez conjectured that the encounter of these two direc- 
tions of strike in the folding was one cause of the appearance of the vol- 
canos \ These distinguished investigatoi's regard, as we have seen, the Sierra 
Madre del Sur as the continuation of lower California, and the gulf of Cali- 
fornia as the continuation of the valley of the Sacramento, and they justly 
bring into comparison this encounter of the two directions of strike, and an 
encounter of the coast ranges with the Sierra Nevada and the Basin ranges. 

This strike to N. 30° W. is indeed continued into the southern Cretaceous 
mountains near Tehujvcan, as may be seen, for example, at Cuernavaca in 
Morelos. At the same time, however, there are unexpected exceptions. 
Bose observed an anticline wdth a strike of N. 70° W. south of Orizaba, and 
there is no lack of further examples \ We may therefore ask whether the 

* h. Biise, Gcologia & los Alrededorcs de Orizaba, Bol. Inst. gcol. Mex., no. 13, 1899, 
pp. 1~53 ; and Sobr ia independencia de los volcanos de ginetas preexistentes, Mem. 
Soc. cient. Ant. Alzate, 1899, XIV, pp. 199-231. in particular p. 219. 

Aguilera and Ordonez, Bosquejo Geoldgico de Mexico, Bol. Inst. geol. Mex., 
Jjos. 4. 5, 6, 1897, p. 63 ; Ordofiez, Rbyolithas de Mexico, op. cit., nos. 14, 15, 1900 and 

^^01, 1, p. 56. 

fJF’ Orizaba, etc., Boll. Inst. geol. Mex., no. 13, 1899, p. 22 ; Coapa, south 
^ T^huacan, N. 70® W., Aguilera, Bosquejo, op. cit., nos. 4, 5. 6, 1897, p. 84 ; Zapo- 
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ends of the Cretaceous sierras do not make a bend in the direction of the 
Sierra Madre del Sur, and Aguilera’s description of the neighbourhood of 
Tehuacan, where Cretaceous and mica schist meet together with the same 
strike, appears to show that they do. In general, however, tlie fact cannot 
be overlooked that the ancient rocks of Mexico are covered far and wide 
by autochthonous plant-bearing Trias and various stages of the Cretaceous, 
and that they therefore represent a very old structure. 

However this may be, it must be borne in mind that, from the interior 
doxm to the Atlantic coasts nowhere does a boundary exist between the 
volcanic masses of the Sierra Madre Occidental and the recent volcanic 
zone. The ancient rocks of lower California and the Sierra Madre del Sur 
describe an arc concave to the north-e^ist, and the volcanos descril)e a 
similar arc from Sonora onwards, with this difference, that those of the 
west are extinct. In the direction of the Sierra Madre del Sur and the 
most ancient rocks, the volcanic zone is thus not a transverse but a longi- 
tudinal line. Whether the same is true for the Cretaceous sierras must be 
left to further investigation to decide. 

It is a striking fact, opposed to the observations made in Hokkaido, and 
the Aleutian islands, and othei-s made in South America to which we 
shall refer later, that in Mexico no intercalationsi of tuffs are mentioned 
as occurring in the older sediments, such as the adjacent Cretaceous, for 
example. 

Stratified succession of the Intermediate range. It has been repeatedly 
observed that parts of the Rocky mountains run out in coulisses directed 
towards the south-south-east, and that, in the west, coulisse-like spurs 
advance towards the north-west into the Pacific Ocean. The tectonic 
clement, which we have provisionally designated the Intermediate range, 
first makes its appearance on the borders of the Copper river plateau, 
beneath the lavas of the south side of the Wrangell volcanos and in 

o 

the Scolai range. In the Alexander archipelago the characters of the 
forelying Elias range disappear and the Intermediate range then 
includes the Columbian granodiorite and the Interior plateau. It 
sinks to no inconsiderable extent beneath the lavas of Washington and 
Oregon, makes its appearance again, with the same characters, on th<3 
boundary of Oregon and Idaho, embraces in Nevada and Utah the whole 
of the desert region from the Sierra Nevada to the Wahsatch, and in 

tiilan in a similar position, N. 60° W., op. cit., p. 89. Even in the Cerro de la Virgen 
south of Tlaxiaco, Orizaba, already, it is true, in the region of the gneiss mountains, 
Neocomian occurs with a strike to N. 54^ E. ; Felix und Lenk, Beitrag zur Geologie und 
Palaeontologie der Republik Mexico, III, p. 141 ; also a north-east strike in the first 
foothills near Jalapa ; Heilprin, Proc. Acad. Nat. Sci. Phil., 1890, p. 460 ; also a north- 
east strike near Tot imehuacan, a little south of Pueblo, and an east-and-west strike to the 
north of this locality ; Aguilera, Bosquejo, etc., p. 80 ; and BOse, Guide X« Congr. geol., 
no. 11, passim. 
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AriiWDna and southern California is hemmed in between the Colorado plateau 
and the Pacific coast chain, possibly indeed interrupted by them. South 
of the Colorado plateau it again reappears and is very broad, extending 
(uistwards even as far as the Pecos. Its folded sierras are here sharply 
separated from the tablelands of Texas, although the Cretaceous limestone 
is the same in both. It tlien occupies the w^hole centre of Mexico up to the 
Sierra Madre del Sur, and finally, after the strike has turned out of the 
south and south-south-east into the south-east, reaches the Atlantic coast 
between lats. 19° and 26° N. 

The Intermediate range has this character, in common with the Cale- 
(lonides and the Saharides, that its long folds are not collected into a main 
chain. In the north, so far as any direction of folding is perceptible, they 
jire driven towards west or south-west, and in lat. 49° N. this movement 
may apparently be recognized even in the most westerly parts of the Rocky 
mountains. In the Sierra Nevada, overfolding towards the west-south- 
west still occurs ; from the north of Mexico onwards the opposite direction 
to the east and north-east prevails with equal clearness. Strike-faults cut 
through the structures, which is thus often divided into long strips, or often 
also let down to form deep troughs (Owen’s valley, Death valley, Bolson 
(l(‘ Mapimi). Eruptive .»ocks crop out along these faults. The Intermediate 
range includes the batholites of Idaho and the Sierra Nevada, in addition 
to the granodioritic batholites of Columbia, among which we may reckon 
tlie whole series of the Cascade range. Its stratified succession is more 
complete between the upper Carboniferous and Cretaceous than in the 
ijoundary regions. 

The eastern boundary seems to lie defined in the north by the gneiss 
masses on the west side of the Rocky mountains. Further south it is 
marked by the .scarp of the Wahsatch range and the western border of the 
(Colorado plateau. 

The western boundary is defined, from lat, 41° 39' N. onwards, by the 
crystiilline rocks of the Pacific coa.st ranges (Californian coast ranges, 
Lower California, Maria islands, Sierra Madre del Sur). 

The Intennediate range stretches obli(|uely across the whole continent, 
from the Pacific to the Atlantic coast, and thus affords us an opportunity 
of studying the relations which existed at a comparatively early date 
letween the two Oceans. 

Even in the extreme north, as in the Nutzotin range, north of the 
Wrangell group, the Nikolai diabase is overlain by Fusulina limestone with 
Productus coray and then by marine Permian, and the upper Carboniferous 
limestone is probably present throughout the whole region of the Inter- 
mediate range. Nor is it absent from the constriction of Arizona. It is 
developed to a great thickness in the southern part of the Central plateau, » 
ii-nd also in the sierras of the Rio Grande. 
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In Texas the window of the Cretaceous table-mountains exposes the 
upper Carboniferous and the Pacific Permian, in part marine, which dip 
gently towards the west, beneath the European Cretaceous, which dips 
gently towards the east. The red beds of the Permian form by their broad 
' Plazas ' the flat watershed between the Canadian river and the Pecos, and 
enter, charged with gypsum, the stratified series of the adjacent sierras of 
New Mexico. 

We can hardly suppose that the Permian of Texas lias received its 
fauna from the east ; but it cannot be shown that a connexion existed by 
way of the Intermediate range. 

The marine Trias enters this region from the north tis a very broad belt, 
reaches the Rocky mountains, and even extends to their eastern border. 
In the United States its subdivision and distribution have been investigated 
by Perrin Smith, Here it extends from tlie sea towards the interior as far 
as Idaho, and then adv^ances with a wedge-shaped outline towards thvi 
south. Its most southerly point is represented by a doulitful outcrop in 
the Santa Anna chain, California (lat. 33‘'-34° N.), which may indicate an 
encroachment on the Coast ranges ; well-developed Trias is known t(j 
extend as far as Inyo city (lat. 36° 30''~37° 30' N.). The fauna of the lower 
Trias shows an affinity with that of the Arcto-Pa'*ific regions, the middle 
Trias contains Arctic and Indo-European fonns. The fauna of the upper 
Trias, containing numerous European species of the Carnic stage (zone of 
Tropites mhhidlat'iis)^ seems to indiciite an Alpine-Indian and, in particular, 
an Alpine origin. Nevertheless, Pemn Smith maintains that, in view of 
our less complete knowledge of the Indian fauna, an Indian origin is the 
more probable. This receiver some support from the fact tliat a large part 
of the w^estem Mediterranean is surrounded by Trias of Germanic type^ 

In Zacatecas, south of the constriction of Arizona, upper Trias makes 
its appearance. 

Marine deposits of Rhaetic age are not known either in the north or 
south of the Intermediate range. 

Lias is mentioned from several localities ; in Mexico it extends from the 
coast inland at least as far as Querdtaro. 

Of the Jurassic, the Kelloway stage with Macrocephalites and Cadocenis 
is mentioned as occurring in Alaska, and indeed in Cook inlet and Shelikov 
strait. An isolated stage, ’which may be correlated with the Gardioceraa 
eordatum zone of the Oxfordian, accomplishes an independent transgression. 
W. N. Logan has prepared a map showing its distribution It extends 

’ J. P. Smith, The Comparative Stratigraphy of the Marine Trias of West Araeriou, 
Proc. Cal. Acad. Sci., 1904, 3rd ser., GeoL, I, no, 10, pp. 323-412, in particular pi. XL ; 
also Festschrift fttr A. von Eoenen, 8vo, Stuttgart, 1907, pp. 377-434 (Cretaceous and 
Jurassic are also discussed here). 

^ W. N. Logan, A North American Epicontinental Sea of Jurassic age, Journ. Geol., 
1900, VJII, pp. 241-273^ in particular p. 245. 
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from the Pacific Ocean inland down Fuca strait, and occupies an area not 
wholly unlike that of the Trias, but lying further towards the east and 
stretching across the Rocky mountains. This region extends from the 
middle of Oregon eastwards into the Black Hills of Dakota, and to the 
south as far as the Santa Clara river (south-west Utah, near lat. 37° N.). 
At both these latter localities we sec the transgression beginning to thin out 
between gypsiferous and other sediments ; here the boundary is not far off. 
In the Wahsatch, gastropods and bivalves characteristic of this zone are 
still to be found It is a remarkable fact that this independent trans- 
gression has evidently come from the north-north-west, and that the Rocky 
mountains as little afforded a limit to it as to the Trias. 

The most important and peculiar member of the Jurassic is formed by 
the radiolariaii beds, which in the Californian coast ranges lie on much 
older rock, and by the Mariposa beds of the Sierra Nevada, which are 
generally correlated with them. The latter are th(". equivalents of the 
upper Jurassic Aucclla beds of Russia. 

Let us now turn our attention to the Jurassic in Mexico. 

Middle Jurassic is not mentioned, but from Oaxaca to the Rio Crande 
upper Jurassic, Ijelonging to the Kimeridge and Portland stages, borders 
the Atlantic coast. It extends to Durango, and on the Rio Grande 
(Malone) crosses the 105th meridian. 

BurckhardPs studies in Mexico and the Andes have shown that near 
Mazapil (San Luis de Potosi) a l)ed with the Russian Aucella (probably the 
continuation of the Mariposa lieds of California) is inserted between the 
KimerWge beds of West European type, and that a Virgatitos is still met 
with at the base of the Portland — and further, that even east of the pass of 
Tiiiguiririca in the Andes, i. e. about 62 def/rees of latitude fuHher south, 
the Russian types (Virgatites) arc intercalated in homotaxial horizons of 
the uppermost part of tlie Jurassic. 

In the Cretaceous of Mexico it is possible to distinguisli a Pacific from 
an Atlantic region even still more clearly than in the upper Jurassic. 

The Pacific region does not depart very far from the coast. It presents 
itself in Alaska, Queen Charlotte islands, Vancouver, and the adjacent part 
of the continent, in South Oregon, and California. Tlie stratified succession 
l>egins with the Neocomian (Knoxville stage, Aucella crassicollis). Where 
the lie of the beds is known in detail (south side of the Wrangell volcanos, 
Queen Charlotte islands, Californian coast ranges '“) an unconformity 
separates the Neocomian from the underlying rocks. 

The succeeding stages (Horsetown and Chico) extend in transgression 
(except in Alaska, where they are so far only known as plant-bearing beds) 

boutwoll and Stanton, Journ. Geob, 1907, XV, p. 454. 

* For Knox well in the Californian Coast Ranges, see T. R. Crandall, The Cretaceous 
stratigraphy of the Santa Claiti Valley, Am. Journ. Sci., 1907, 4th ser., XXIV, pp. 33-54. 
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across and beyond the Neocomian, the Chico (Senonian) travelling the 
farthest. Starting from the Queen Charlotte islands and Vancouver, the 
Cretaceous advances southwards in the direction of Puget sound, and as it 
does so the Japanese, Indian, and European species of the upper beds 
increase in number. 

Diller and Stanton have given a map showing the distribution of these 
two stages in the southern regions The Horsetown group makes its first 
encroachment from the sea into Puget sound, the next from the mouth of 
the Columbia rivei* nearly up to cape Blanco, and the last from the Klamath 
river across the whole length of the Californian Coast ranges to Sarihi 
Barbara. The Chico stage extends over and beyond all these three regions 
of the Horsetown stage. The boundary runs from Fuca strait inland to the 
middle of Oregon and beyond, and then recedes to the western foot of the 
Sierra Nevada, which it then follows towards the south. 

The Atlantic region of the Cretaceous is characterized in like manner 
by the transgression of the younger stages. Tlio series is most complete in 
Mexico ; the Neocomian appears to extend across the whole breadth of the 
land as far as Sonora. Tlien follows the thick mantle of middle and 
upper Cretaceous, stretching from the Atlantic to the Pacific Ocean. In 
Coahuila the Rudistes and Actoeonella facies of the Gosau occur in the 
lower Senonian from Jamaica onwards. The brackish- water Laramie stage 
coming from the north-east extends over Tamaulipas, and rests in North 
Coahuila on the Gosau beds. 

In Texas the lower horizons are only represented by the Trinity sands 
with the Wcalden flora, and by tracCvS of the Aptian stage. The limestone 
plateaux coriTospond to the middle and uj)per Cretaceous, From this point 
onwai'ds, the Cretaceous transgression extends through the prairie land 
towards the north into the region of the Mackenzie, but at its base the 
Neocomian and Gault are absent. After the sea had advanced thus far 
it began to recede, and the concentric zones of Tertiary sediments on thc^ 
lowermost course of the Mississippi mark in succession the stages of its 
retreat. 

The lower Potomac flora, which has been traced along the Atlantic 
litoral from Maryland into western Canada— its traces possibly accom- 
panying the Cretaceous coal series even beyond cape Lisbume on the 
Arctic Ocean — is contemporaneous with the negative phase indicated by 
the Cyrena marls and the flora of the Wealden, from the Vistula out to 
the Atlantic coasts of Europe. 

Of all the stages ^of the Cretaceous, only the Senonian reaches this 
coastal belt in Maryland, and in the same way it alone reaches Greenland, 
and in the far east it alone extends across the sea of Aral and beyond. 

This picture of the way in which the two processes mentioned above, 

^ Diller and Stanton, Bull. Am. Geol. Soc., 1894, V, p. 454. 
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and the ancient shores in general, ultimately encroach on one another, 
incomplete as it is, enables us to form some conception of the manner in 
which a continent gradually acquires continuity. At the same time the 
Intermediate range appears as a tectonic clement of a peculiar kind, it 
8cems rather a region of subsidence and repeated submergence than a 
simple chain. We might attempt a comparison with the Tethys; the 
Mesozoic faun^is of that sea extend with wonderful uniformity from 
southern and central Europe to the Sunda islands, while the Intermediate* 
range, uniting Arcto-Pacific and sub- tropical- Atlantic regions, brings together 
alien elements, and was probably interrupted for a time in the constriction 
of Arizona. 

Many years ago, the great botanist Asa Gray pointed out that the 
migrations of floras and land-faunas due to climate are more easily 
observed in North America than in Europe, because the mountains and 
rivers of that continent, and with them the paths of migration, maintain 
a north and soutli direction, while the Alps run cast and west. The case 
is not unlike, and we may hope for further light on the true nature of the 
Mesozoic stages. 

Finally, it may be pointed out that from the beginning of the Califor- 
nian comst ranges onwards, through all their continuations and through 
the whole of the Sierra Madre del Sur down to the Atlantic coast, there is no 
recorded instance, save for a statement referring to Sonora, of the occurrence 
of thick Palaeozoic sediments on the cast. From its commencement to its 
close the Palaeozoic aera is only represented by the rare occurrence of the 
upper Carboniferous, and in many cases only Mesozoic sediments abut 
agfiinst the crystalline rocks. The significance of this cliaracter, although 
merely negative, is enhanced by the fact that the beds sometimes occur in 
autochthonous superposition — the Bronces stage for example, wdiich lies 
autoclithonous on crystalline rocks. 

The data so far at our disposal show that the thick lower Palaeozoic 
series of the east terminates suddenly in the midst of the Basin ranges 
near long. 117°W, (I, p. 579). It then advances towards the Mohave desert, 
and Devonian is said to occur even in the Klamath mountains. 
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CHAPTER XIII 

THE SYSTEM OF THE ANDES; ITS TWOFOLD 

ADVANCE 

Chiapsis, Guatemala, Honduras. The volcanos. Panama. First advance. Backward 
bend towards South America. Ecuador, Peru. Cordillera ileal, Argentine Chains. 
Cordillera de los Andes and Cordillera de la Costa. Sierra de la Ventana. Patagonia. 
Second advance. Summary. 

Chiapas, GruatemaUi, Honduras. The States of Chiapas, Tabasco, and 
Yucatan, as defined by their political boundary, still belong to Mexico ; but 
the continuity in structure of Central America will be more plainly exhibited 
if we consider these regions in connexion with the south. 

We have already seen that a mountain chain runs through Guatemala 
in the direction of the Rio Motagua, reaches the sea on the golfe Dolce, 
as well as near Omoa, and proceeds into the Antilles. We have also recog- 
nized a three-fold division of the Antilles into an inner volcanic arc; 
a middle arc, mountainous and rocky, and an outer arc, formed of Tertiary 
or still younger sediments. In our first account we were led, however, to 
conclude from the data then at our disposal that the mountain land of 
Mexico ended in Oaxaca and that a new order of things began south of the 
isthmus of Tehuantepec (I, p. 542). 

The interruption caused by Tehuantepec is only an interruption in an 
orographic sense. Only a few years after the appearance of our first 
account, Herr Sapper, who has since done such excellent work in the 
investigation of Central America, was able to send me infonnation from 
Coban that the ancient rocks of the Mexican Sierra Mad re del Sur extend 
from Oaxaca through Tehuantepec and Chiapas into the mountain.s of 
Guatemala K 

From Bose's description of Tehuantepec we obtain the following ; — 

The lowest pass across the isthmus lies at 244 meters. From the west, 
i.e. from Oaxaca, and from the east, i.e. from Chiapas, the Sierra Madre 

‘ A detailed account jgras published in (J. Sapper, Sobre la geografia fisica y la- 
geologia de la Peninsula do Yucatdn, de Chiapas y Tabasco, Bol. Inst, geoh Mex., 1896, 
no. 3, 57 pp., maps. 

* M. BOse, Resena de la geologia de Chiapas y Tabasco, Bol. Inst. geol. Mex., 1905, 
no. 20, 116 pp., maps, and Guide Congr. geol., 1906, XXXI ; Excursion k Plsthme do 
Tehuantepec, 40 pp. ; also G. W. von Zahn, Isthmus von Tehuantepec, Zeitsebr. Ges. 
Erdk., 1907, pp. 321-333 and 361-373, map. 
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gradually sinks from considerable heights down to this side. Mountains 
rising to 600 or 700 meters form the highest parts of the isthmus. Gneiss, 
ancient schists, crystiilline limestone, granite, and porphyry form, from 'the 
soutli coast onwards, a more elevated strip of land, about 90 kilometers in 
|,readth. It is accompanied by folded Rudistes limestone. Towards the 
north follow slightly- folded Tertiary beds, and then we reach the Atlantic 
plain. 

The same Sierra Madre, which forms a hilly region in Tehuantepec, 
accompanies the south coast of Chiapas with a strike to east-south-east, 
and before it reaches the boundary of Guatemala its granite summits have 
already reached heights of 2,200 meters. The structure of Chiapas presents, 
according to Sapper and Bose, the following features : — 

L3dng, in the south-east, against the north side of the ancient rocks of 
the Sierra Madre is a large segment of folded red sandstone and upper Car- 
boniferous. This is followed throughout the length of the range by a zone 
(►f sandstone and conglomerate (Sapper's stage of Todos Santos), resting 
ill some places on upper Carboniferous, in others directly on pre-Cambrian 
rocks. It is probably the equivalent of the plant-bearing series of the 
Trias, which occurs, similarly superposed, both in Mexico (Dumble's Barranca 
stage) and in Honduras. The beds dip towards the north, but are not 
1 oh led. 

We now reach, towards the north, a broad and lofty range of Cretaceous 
limestone, the Meseta central, the southern part of which has been affected 
by a considerable longitudinal disturbance, the Depresion central. Accord- 
ing to the admirable description of Bose, it resembles a strike-trough. 
The southern part of the limestone range, together with the ‘ Depresidn 
Tuis not far above the sea-level, and Tertiary beds now make their appear- 
ance. On its northern bordei* the Meseta attains a height of over 2,000 
meters, rising in steep steps, which might be regarded as so many step- 
laults. The north border of the Meseta is also steep, and in front of it 
I 'locks of Cretaceous limestone project out of folded Tertiary land. The 
lact that this is folded, while the Cretaceous limestone is horizontal, is 
inscribed by Bose, and no doubt correctly, to the comparativelj’- jdelding 
nature of the Tertiary beds. Tow^ards the sea they lie flat; in their 
•southern part Nummulite-bearing Eocene occurs. 

Both Sapper and Bose have observed isolated patches of marine upper 
Tertiary beds up to the astonishing height of 2,400 meters. We must 
therefore suppose that the whole of this limestone range was arched up at 
^ comparatively late period and then let down along step-faults. 

To the east, a second limestone range, which extends to PetAi in Guate- 
inala, makes its appearance north of the folded Tertiary land, between this 
and the Atlantic plain. 

On this substructure of Chiapas volcanos are seated. The volcano of 

sollas ly ^ g 
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Soconuscd, said to be situated in lat. 16® 64' N., long. 93° 39' W., does not 
exist. 

Zontehuik (long. 92° 42' W., 2,868 meters) is the ruins of an andesitic 
volcano, superposed on the lofty Cretaceous mesa ; beside it and similar to 
it rises the Cerro de Hiieytepec^ and other andesitic extrusions occur. Bost' 
makes the interesting suggestion that the Depresidn central corresponds to 
the lake of Nicaragua, that Zontehuitz and Hueytepec stood on its north- 
west border, and that the once existent volcanos of San Bartolom^ and 
Mispilla arose out of the lake ^ 

The volcano of Tacand, on the south-eastern boundary (long. 92° 6' W., 
4,057 meters), is seated on the Sierra Madre ; up to a height of 2,200 meters 
the mountain consists of ancient granite, and the magnitude of its cone 
has therefore been overstated, and the same is the case with some of the 
most northerly volcanos of the Cascade range. Tacand is supposed to l)(‘ 
the most north-westerly member of the long line of Central Americaii 
volcanos. 

It would further appear from Sapper’s vrorks that the whole of this 
region, as far at least as Costa Rica, is occupied by a virgation, or a serial 
succession of concave chains, along which or in which the volcanic lines of 
Central America range themselves in more or less the same direction 
Before a general survey of these chains is attempted two localities must 
be discussed separately ; the first of these certainly conforms to the general 
structure, while the second is of an alien character. 

The first comprises the Cockscomh mountains in British Honduras, 
a wooded hill-land, surrounded on the east by the sea, and elsewhere by 
a plain, as much as 1,000 meters in height, rhomboid in outline, 70 kilometers 
broad, and 90 kilometers long. The range consists of granite and quartz- 
porphyry, clay- slate, quartzite, and crinoidal Carboniferous limestone, witti 
a strike between north-cast and east. Sapper regards it as a horst 

The second locality is the hla de Pinos, lying south of western Cuba. 
Granular marble and garnetiferous mica-schist occur with a north-and- 
south strike. According to W. Hayes and his fellow-workers the rocks are 


’ BCse, Resena, etc., p. 62. 

’ The conception of the general structure on which this description is basedj is not 
in accord with that which Sapper has represented in Bericht iiber den VIII. Geogr. 
Congress, 1904, pp. 231-238 (with map of the trend-lines). Guided by the Eurasiatio 
examples, Sapper supposes that the mountain arcs of Central America must also hr 
convex towards the exterior. Thus the brow of the Sierra Madre would be turned 
towards the Pacific sid^ We have assumed that these arcs have a concave structure 
somewhat like the southern Appalachians. This is supported in particular by the 
arrangement of the rocks. The ancient rocks lie in Chiapas, for example, on the Pacific 
side. 

® Sapper, Peterm, Mittb., 1899, Ergilnzungsheft no. 127, pp. 23-33 and 73 ; also 
Bellamy, Proc. Geogr. Soc., 1889, p, 542 et seq. 
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thrown into sharp folds, inclined to the east, and repeated by imbricate 
structure (possibly also by north-and-south step-faults). Both the strike 
and the nature of the rocks stand in contrast to the adjacent *parts*of 
Cuba^ 

If we disregard these two localities, and endeavour to discover the 
principal lines on the basis of Sapper’s observations, we are led to results 
which agree very well as regards the region east of Tehuantepec with the 
earlier conjectures of Seebach (I, p. 543) 2 . 

Tlie Sierra Madre runs from the south of Chiapas to the east-south-ea>st 
and east into the region between the towns of Guatemala and Coban. It 
is known there as the Sierra de las Minas, and attains a height of al)out 
^5,000 meters. Thence it bends round towards the cast-north-east, becomes 
narrower, and is now known as the Sierra del Mico. It disappears north 
of the mouth of the Rio Motagua. 

On the north side of the Sierra de las Minas lies a zone of folded 
sediments; the presence of upper Carboniferous, Cretaceous, and several 
stages of the Tertiary is shown by fossils. The range appears to be let 
<lown along longitudinal faults against the foreland. The foreland also 
is traversed by long step-faults, particularly towards Petdn (west of the 
Cockscomb mountains). Oiily a part of the Tertiary ^leposits is involved 
in the folding ; the rest forms, along with more recent sediments, the plain 
of Tabasco, Campeche, and Yucatan. 

On tlie north side of the Sierra de las Minas and the Siemi del Mico, 
Sapper observed a band of serpentine which reaches the Golfo Dolce ; the 
south side of the range is also accompanied by a band of serpentine 
which extends in the longitudinal valley of the Motagua for a distance of 
225 kilometers. It is regarded as younger than the upper Carl)omferous 
and older than the middle Cretaceous. 

South of the Motagua, a parallel chain of pre-Cambrian rcxks, the Sierra 
del Espiritu Santo, rises gradually in its course from the town of Guatemala 
onwards. On the sea coast it is known as the Sierra Ocoa. It passes 

* C. Willard Hayes, T. W. Vaughan, and A. C. Spencer, Geological Reconnaissance ot 
Cuba, 8vo, Washington, 1902, 123 pp., maps. Some data certainly lead us to conjecture 
the presence of similar rocks in the extreme west of Cuba ; cf. R. A. de Yarza, Bol. Mapa 
Espana, 1895, XX, p. 72. 

For Guatemala: Sapper, Grundzuge der physischen Geographic von Guatemala, 
Feterm. Mitth., 1894, Erganzungsheft no. 113, 59 pp., maps ; Geogmfia fisica . . . de Guate- 
^nala, small 8vo, Biblioteca del * Progreso Nacional ’ de Guatemala, 1897, 88 pp., and 
Bie Alta Verapaz, Mitth. geogr. Ges. Hamburg, 1902, XVII, 146 pp.^maps. For Honduras, 
Beitifige zur physischen Geographic von Honduras, Zeitschr. Ges. Erdk. Berlin, 1902, 
pp. 33-241, maps ; for the entire region and for more southerly tracts, Gebirgsbau und 
odf3n des nOrdlichen Mittel-America, Peterin, Mitth., 1899, Erg.-Heft no. 127, 199 pp., 
’‘uips^and Gebirgsbau und Boden des sUdlichcn Mittel-America, op. cit., 1905, Erg.-Heft 
1^.^’ ^51,82 pp., maps; also Verb. Ges. Erdk. Berlin, 1900, pp. 417-426 (with a map of 
AO trend-lines as far as Panama). 
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through Puerto Cortez and is continued in the elongated islands of Dtila 
(only Quaternary and basalt), Ruatan (mica-schist, strike east-north-east) 
and Bonaca (phyllite, serpentine) 

Serpentine is known to form a considerable part of the mountains of 
Cuba, and it occurs also in Haiti (I, p. 543). 

The whole of the south and south-east of Guatemala and the whole of 
Salvador, as far as the Terra caliente of the coastal belt, are occupied by 
the recent volcanos and their accumulations ; towards the east, however, in 
Honduras, more or less continuous fragments of folded chains crop out, 
which present an arcuate form like those of Guatemala, but trend more to 
the east. 

A conspicuous line of depression divides Honduras, in the meridian 
of 87*^45' W., into an eastern and a western half; it does not, however, 
seem to be connected with the strike of the chains. Among the latter the 
Sierra de Pija (Congrehoy Peak or Cerro Cangrejal, 2,450 meters) is 
especially prominent ; it borders the coast, south of the island of Ruatan, 
as far as long. 86° W. and beyond. It is formed in great part of ancient 
eruptive rock. South of this locality we meet continually with granite, 
ancient schist, quartzite, and Cretaceous limestone striking east with a little 
north or due east. In the ore-bearing Sierra de Juancito (north of 
Tegucigalpa), Carboniferous limestone is recorded, and from this range the 
oft-mentioned Rhaetic (or Keuper) flora is derived 

Traces of a more considerable sierra appear to strike from the neigh- 
l)Ourhood of Ocotal towards Gracias i. Dios, All these sierravS, however, 
are much lower than the Sierra do Pija or the chains of Guatemala, and 
disappear in Nicaragua before reaching the Mosquito coast ^ 

volcanos. In Mexico the older volcanic coverings of the Sierra 
Madre Occidental meet the broad belt of recent volcanos, which accompany 
the northern part of the Sierra Madre del Sur. Then tlie volcano of Tuxtla 
stands forth towards the east-south-cast, and thus we have the rare case of 
a volcano on the east coast of America. Still further to the east-south- 
cast, but in the interior of the land, the little series of extinct volcanos, 
such as Zontehuitz, rises like a connecting link in central Chiapas. Furthci* 

' Sapper, Peterm. Mitth., Erg.-Heft no. 151, p. 17. 

* Newberry, Am. Journ. Sci., 1888, 3rd ser., XXXVI, pp. 342-351 ; A. J. Bourdariat, 
Esquisse geologique et min^rale du district aurifere de S. Cruz, Honduras, Bull. Soc. 
g4ol. Beige, 1893, VII, Mtooires, pp. 35-40. 

® This brief description differs somewhat from that which Mierisch has given of 
Nicaragua ; it is based on Sapper’s publications, and letters which he has kindly sent 
me. B. Mierisch, Goldgebiete im Osten von Nicaragua, Peterm. Mitth., 1893, pp. 25-39, 
map ; and Reise quer durch Nicaragua vom Managua-See bis Cabo Gracias d Dios, op. cit., 
1895, pp. 57-66, map. Still greater is the difference from that of Crawford, Geology of 
Nicaragua, Proc. Am. Assoc, for the Advancement of Science, held at Washington 1891, 
Salem, 1892, pp. 261-270. 
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again to the south-east, and still more remote from the Atlantic coast, the 
granite of the Sierra Madre supports the cone of Tacand, already mentioned, 
which marks the commencement of the long zone of Central American 
volcanos. 

This zone follows the Pacific coast, without any marked deviation from 
the strike of the sierras, as far jxs Fonseca bay, and then enters, with 
a slight change of direction, the great area of depression, marked by the 
lake of Nicaragua, which cuts obliquely through the whole continent. 
Then, further towards the south-east and also further inland, volcanos 
again appear up to the isolated volcano of Chiriqui. 

Our earlier views as to the distribution of these volcanos (I, p. 86), 
founded on the work of Dollfuss and Montserrat, must, in the light of 
more recent investigation, and especially that of Sapper, undergo a 
change ^ 

From Tucana onwards Sapper enumerates 81 considerable cones in 
this zone, 44 of which have been active in recent times. 

This zone of fire, narrow as we see it, is surrounded by andesitic rocks. 
Ikitween lats. 89® 30' and 90® N., where we previously (I, p. 93, fig. 5) 
marked the transvei'se fissure of Chiquimula, there stand, as we now know, 
numerous eruptive centres irregularly disposed ; the active volcano of 
Jnlapa rises one degree to the north of the main line, elsewhere so sharply 
marked. Cerro Errapuca (2,500 meters), and Cerro Selaque (2,800 meters), 
two extinct cones, which dominate the scene in south-west Honduras, lie 
equally far north of the main line. In the andesite regioji of the upper 
Vulvul, on the south-east side of the Cerro del Trapiche (east of Matagalpa, 
lat. 13® N., long. 85® 15' W.), Mierisch thought he perceived still other 
craters \ Tertiary lavas are known «at not a few localities. Extinct erup- 
ti\ e centres wdll certainly be discovered to the north of the existing belt 
of fire, and this preliminary survey leads us, as in Kamchatka and Alaska, 
to the conclusion that the existing line of igneous manifestation is but the 
hemined-in remainder of a once much more widely distributed eruptive 
activity. 

Sapper thinks that the existing line should be divided into several 

* Sapper, R&umliclie Anordnung der mittclamerikaniBchen Vulcane, Zeitschr. deutsch. 
geol. Gea., 1897, pp. 672-682, pi. XXIV (here another lateral line is marked running 
Bouth-east from San Diego towards San Vicente. I have not included it in the 
e numeration given above, because it is precisely here, and as far as lat, 89°, that the 
series appears to me to be less clearly marked). Numerous descriptions by the same 
author in Zeitschr. deutsch. geol. Ges., 1896, pp. 14-26 (San Salvador) ; 1899, pp. 578-587 
(Las Pilas) ; 1901 (southernmost volcanos) ; in Centralbl, f. Min., 1903, pp. 33-52 (Santa 
Maria) and pp. 103-130 (Izalco); Peterm. Mitth., 1894, pp. 82-85 (types of crater) ; 1895, 
pp, 105-109, Guatemala; 1897, pp, 1-7 (Salvador and south-east Guatemala) ; also. In den 
Vidcangebieten Mittel-Americas und West-Indiens, 8vo, Stuttgart, 1905, 334 pp. 

^ Mierisch, Goldgebiete im Osten von Nicaragua, Peterm. Mitth,*, 1895, p. 62. 
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alternating segments, each of which, as it follows on the south-east, is 
displaced over a certain distance towards the 6ne in front of it. 

The first segment extends, according to this view, from Tacani 
(long. 92® 6' W.) to Tajamulco (long. 91® 54' W.) ; the second from Lacandon 
(long. 91® 42' 50" W.) to Pacaja (long. 90“ 36' W.) ; the third from Tecuam- 
buro (long. 90® 26' W.) to Conchagua (long. 87® 60' W.) ; the fourth extends 
towards a short transverse fissure in the interior of Fonseca bay, from 
Coseguina (long. 87® 35' W.) to the island of Madera in the lake of Nicaragua 
(long. 85® 27' 30" W.) ; the fifth from Orosi (long. 85® 29' W.) to Turri- 
alba (long. 83“49'W.), and after a considerable interruption to Chiriqui 
(long. 82“ 30' W.). 

Although this division, like any other of the same kind, is to a certain 
extent a matter of personal judgment, yet it cannot be denied that, with 
the exception of the region between long. 89® 30' and 90® W., the arrange- 
ment of the active volcanos in series is much more marked than — for 
example — in Mexico. 

The volcanos of the first, second, and third segments, that is those 
occurring as far as Fonseca bay, are seated on a lofty substructure, formed 
chiefly of andesite, in which parts of a folded sierra are visible here and 
there. All that w^a.s previously said as to the tendency of the eruptive 
centre to move towards the Pacific Ocean liolds true in reference to 
these volcanos, and in particular to those on tlie north, A more exact 
knowledge of the alleged transverse fissure of Chiquimulu necessarily gave 
rise to doubt. Nevertheless, the statements previously made with regar<l 
to the shorter lines still hold good ; the line from Santa Maria to Cerro 
Quemado, which was then r<'garded as the sole exception — since the crater 
active upon it was the one more remote from the sea — has now conformed 
to the rule, for in October, 1902, an eruption occurred from the other- 
crater, that of Santa Maria, which lies next tlie sea. During this eruption 
numerous boulders of amphilxjlite were ejected, showing that the chimney 
in the mountains beneath had been enlarged or otherwise altered \ 

The fourth segment, extending from Coseguina to Madera, is supposed 
by Sapper and Mierisch to lie in a fault-trough. These distinguished inves- 
tigators have been led to give renewed expression to this view, owing to 
the growing l:>elief that the volcano of Momotomho^ situated at the north- 
western extremity of the lake of Managua, was the cause of the earthquak<> 
of the 29th April, 1898 ; they showed that the earthquake was, on the 
contrary, of tectonip origin 

Willard Hayes, in making investigations preliminary to the construc- 
tion of an inter-Oceanic canal through lake Nicaragua, ascertained that 

^ Sapper, Centralbl. f. Min., 1903, p. 39 ; Bergoat. eaye amphibolite. 

* K. Sapper, Baa nicaraguiache Erdbeben vom 29. April 1898 und die Maribios* 
Vulcane, Olobus, 1899, LXXV, pp. 201-208 and 222-227, in particular p. 226. 
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ii part of the isthmus which closes the lake on the west consists of the 
Orbitoides (Lepidocyclina) beds, which are so widely distributed ii^ the 
West Indies. They are known here as the Brito formation. Thus, the 
(‘xistence of a connexion between the Atlantic and Pacific region in 
(he Tertiary aera is placed beyond doubt. The Brito beds are moderately 
folded ; their strike is directed a little more to the west than the trend 
of the coast. They are covered by recent lavas, and these, according to 
Hayes, have built up the rest of the great dam througliout its whole extent 
towards the north-west as far as mount Coseguina, thus cutting off from 
the Pacific Ocean a gulf whicli once extended from Fonseca bay into the 
existing lakes of Managua and Nicaragua. When the inland seas were 
closed in, their waters rose to such a height that they overflowed the lip 
next the San Juan and opened up a passage to the Atlantic ^ 

In support of this view Hayes mentions that a Megalops, a shark, and 
a sawfish live in lake Nicaragua; they belong, it is true, to groups known 
to ascend into fresh water, but the cataracts of the San Juan would oppose 
so insurmountable an obstacle to their passage, that they must be regarded 
as relics 

The fifth segment, beginning with the volcano of Orosf, occupies for 
a short distance, south of* lake Nicaragua, the whole breadth of the isthmus. 
The ejectamenta of Orosi reach the Pacific coast, and the succeeding 
volcanos, Rincon de la Vieja, Miravalles, and Tenorio, slope towards the 
west to the depression which unites the peninsula of Nicoya with the 
mainland. On the east, however, their base, like that of all the succeeding 
volcanos as far as Turrialba, lies in the fluvial region of the San Juan, the 
valley of which opens wide towards the Caribbean sea. 

Panama. The Brito stage of the west side of the lake of Nicaragua 
is continue<l round the south l)order of the lake, and in the upper course of 
the San Juan, according to Hayes, calcareous sandstone is encountered, which 
must be regarded as the Atlantic continuation of the same stage. On the 

‘ C. W. Hayes, Physiography and Geology of the Region adjacent to the Nicaragua 
Canal Route, Bull. Am. Geol. Soc., 1899, X, pp. 285-348, map. The danger of construct- 
ing a canal in the neighbourhood of tlie lines of volcanic activity has been pointed out 
in particular by A. lieilprin, Shrinkage of Lake Nicaragua, Bull. Geogr. Soc. Phil., 1900, 
H, pp, 115-124, map. 

® The fish fauna of lake Nicaragua has been described by Gill and Bransford in Proc. 
Acad. Nat. Sci. Phil., 1877, pp. 175-191. Gill’s statement that the sharks of the lake 
are identical with the Pacific and different from the Atlantic species is to be found in 
Hayes, Bull. Am. Geol. Soc., 1899, X, p. 344. Since our knoWedge of the distribution 
of fish has made considerable advances since 1877, 1 have laid the question before Herr 
Steindachner. This distinguished investigator informs me that, beside the endemic 
species in the lake of Nicaragua, only cosmopolitan species arc known ; in particular, 
iMegalops is found in great quantity in the lower Amazon, and Prist is antiquorum occurs 
in the east and west. Thus a decisive argument disappeara, but we do not wish to deny 
the probability of the theory in question. 
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east side of Turrialba (lat. 10® N.) the Tertiary beds are exposed in a long 
section, which has been described by Hill and Sjogren Here they are 
folded and contain volcanic intercalations ; the Guallava sandstone of 
Hayes, which Dali correlates with the horizon of Vicksburg is the con- 
tinuation of the Brito stage. Younger Tertiary beds extend towards the 
Caribbean sea ; at Limon, on the east coast, Guppy has observed Pliocene 
lying uncon formably and horizontal ^ Towards the west the folded 
Tertiary beds extend far inland and reach considerable heights. Even 
beyond the volcanos, still south of San Jos^ coal is found, and Gabb states 
that Tertiary beds form a large part of the Sierra Candella, which extends 
from the volcanos Irazu and Turrialba towards the gulf of Nicoya Folded 
Tertiary beds have been observed by Hayes north of the Pico Blanco 
(long. 83** W.). Coal is also known on the shores of the Chiriqiu lagoon. 

We thus see that the Caribbean slope of the isthmus, from lake 
Nicaragua and the Rio San Juan to the line of the canal from Colon to 
Panama, is bordered by a Tertiary belt of varying breadth. On lake 
Nicaragua it encroaches on the Pacific side, and possibly extends, in the 
Sierra Candella, towards the entrance to the bay of Nicoya ; on the line 
from Colon to Panama it occupies the whole breadth of the isthmus. 

The studies of Ziircher, Douvilid, and Marcel Bertrand, based on 
numerous borings made along this line, afford the most important data for 
forming an opinion on the structure of the isthmus*. 

Marcel Bertrand writes somewhat as follows : — 

The highest point is formed by a superposed dome of andesite, the 
OeTTo Culebra, The canal cuts through a broad saddle of Tertiary beds, 
the axis of which lies a little to the north of the Culebra. The middle of 
the saddle, which is at the same time the oldest visible horizon of the 
Tertiary formation, is an accumulation of basic volcanic flows and breccias 
(Roche de Gamboa), assigned, on ^recount of an intercalated bed of small 
Numinulites and Orbitoides, to the Tongrian or Aquitanian stage. It is 


* R. Hill, Geological History of the Isthmus of Panama and portions of Costa Rica, 
Bull. Mas. Comp. Zool. Harvard College, 1898, XXVIII, no. 5, 285 pp., maps ; in 
particular p. 232, and App., p. 281, Notes by A. SjOgren on the East Section of Costa 
Rica. 

* Dali, Bull. Mus. Comp. ZooL, 1898, XXVIII, no. 5, App., p. 275. 

* R. J. Guppy and W. H. Dali. Description of Tertiary Fossils from the Antillean 
Region, Proc. U.S. Nat. Mus., 1897, XIX, pp. 303-331. 

^ W, M. Gabb, Notes on Costa Rica Geology, Am. Journ. Sci., 1875, 3rd sen, X. pp. 198- 
204 and 320. 

* P. Zttreher, Communication preliminaire relative aux observations faites dans une 
mission r^cemment executee dans Tlsthme de Panama, Bull. Soc. geol. France, 1898, 
3® s^r., XXVI, pp. 425,426 ; D. Douville, Sur Page des couches travers^es par le canal de 
Panama, tom. cit., pp. 587-600; I, M. Bertrand et P. Ziircbev, £tud6 geologi(][ue sur 
risthme de Panama ; II, M, Bertrand, Phenomenes volcaniques et tremblements de terre 
de rAmi^rique Central 4?, Paris, 1898, 38 pp., map. 
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not sharply separated from the glauconitic clays which follow it on thi* 
Atlantic side and are covered by the Orbitoides limestone of th^ Pena 
blanca. This is followed on the north by true Miocene (couches de Gatun 
and other beds) containing Turritella tornata, Peden subpleuronectes, and 
Clypeaster, and also trachytic tuff* Thus we reach the Atlantic plain. 

On the Pacific side we see more eruptive rocks and an increase of littoi^al 
characters. In particular, the volcanic series of Gamboa is followed, not by 
the Orbitoides limestone, but by laminated marl with plant-remains ami 
a little Congeria, and towards the upper part some lignite. Of the marine 
fossils of the Atlantic side only traces are found here. The next beds, 
here as there, are Miocene with Peden sttbpleuronectes. 

The most recent rock is the andesite of the Culcbra. 

Here Douvilk^’s studies on the classification of the Tertiary sediments 
ficquire significance. Two important horizons must be distinguished : the 
Orbitoides limestone of the Pena blanca and the stage of Gatun. 

The first of these, the Orbitoides limestone (Brito stage, couche de 
Vamos-Vamos, Vicksburg beds), is correlated with the upper paii of the 
Aquitanian stage. In the investigations preliminary to the construction 
of the canal it was traced by the engineer, M. Canelle, for a distance of 
350 kilometers towards the west to Chiriqui, and for 300 kilometers towards 
the cast to the Rio Thuyra. We shall meet with the series under another 
name in the Antilles, and it is possible that a girdle of these sediments will 
one day be found to extend around the globe \ 

The .stage of Gatun with Turritella tornata is contemporaneous, according 
to Douvill^, with the Burdigalian (first Mediterranean stage). It occui's 
both on the Atlantic and the Pacific side, but all the investigators who 
have turned their attention to this series conclude, with more or less 
positiveness, that a continent fonnerly existed to the west of the existing 
Pacific coast. 

The rocky islands in the gulf of Panama consist, according to Wagner, 
Hill, and Bergt, of a dark eruptive rock^, Joukowsky penetrated for 
a certain distance inland up the river Sambu, which runs parallel with the 
south-east of the gulf, and has also visited the eastern part of the peninsula 
of Azuero in the south-west. In both these regions also, dark eruptive 
rock (Labradorite) was encountered. In connexion with it Tertiary 
deposits occur, similar to those on the isthmus, but in the south-east, on 
the mountain of Sapo (near cape Garachine), steeply-folded, blue-gray 
limestone, and siliceous shales, possibly of Cretacepus age, crop out with 

’ H. Douville, C. R. Acad. ScL Paris,- 2 mars 1891, p. 499 ; and Le.s Poraminiferes dans 
ie Tertiaire de Borneo, Bull. Soc. geoL Prance, 1905, 4^ s^r., V, pp. 435^64; also 
Joukowski, C. R. Acad. Sci., 23 avril 1906, p. 964. 

^ W. Bergt, in Reiss und Stiibel, Geologische Studien in der Republik Columbien, II/ 
Petrographic der iilteren Massengesteine, 4to, Berlin, 1899, pp.*21 9-223. 
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a north-westerly strike, and leave no room for doubt that we have here 
the remains of a cordillera 

The shallow gulf of Panama terminates in a steep submarine cliff, 
descending for more than 3,000 meters. 

The higher mountains have l)een little explored, are difficult of access, 
and largely covered with volcanic ejectamenta; even where granite and 
syenite were encountered, the observer was often in doubt as to whether 
they might not be comparatively young intrusive rocks. 

Within the Atlantic Tertiary belt, and running parallel to the coast, 
the Sierra de Talamanca rises to a height of over 3,000 metei's. Its 
eastern and less lofty continuation is the Sierra Veragua ; it consists, so 
far as it is known, of syenite and granite. The lofty peaks of mount Lyon 
and mount Ujum have been regarded as volcanos, but Pittier and Sapper 
share the doubts of Gabb on this question. On the highest part of the 
sierra, the Buena VistUy Pittier found a peak of basalt, and on the western 
spurs dioritic rocks That Pico Blanco is a granite boss traversed by 
dykes of porphyry, has been mentioned above. Gabb concluded that this 
granite is younger than the upturned Tertiary beds ; he states that theso 
are altered in its vicinity, but there are no granitic veins. This question 
is not yet decided, but Gabb’s observations seem to'flrefer to a lateral branch 
of the sierra which runs from the Pico Blanco to the east. Sapper crossed 
the sierra, going from the Ltijuna di Chiriqui towards David (long. 82" to 
82° 30' W.). Diorite and recent eruptive rocks crop out on the lagoon ; 
then follow basalt, and on the other side of the divide diorite, syenite, and 
granite, then again recent eruptive rock, and finally, near David, some 
Tertiary land. Still further towards the east (long. 81° 10' W.) the sierra 
was crossed by Hershey ; here it is about 1,500 meters in height and 
40 kilometers in breadth. In this traverse also, massive eruptive rocks 
were alone encountered. 

This sierra disappears fifty kilometers to the west of the line from Colon 
to Panama and thus affords room for the low-lying land of the ship-cixnal. 
To the north-east of this plain, however, the asserted recent granites 
again make their appearance, occurring in the Sierra de San Bias, xvhich 
trends to east-south-east along the Atlantic coast. 

With this structure it is doubtful whether or not the Sierra de 
Talamanca, Sierra Veragua, and Sierra de San Bias should be regarded as 
branches of the virgation of Honduras and Nicaragua. 

• 

' Joukowskj, Sur quelques affleurements noaveaux do roches tertiaires dans llathmc 
de Panama, Mem. Soc. Phya. et Hist. Nat. Geneve, 1906, XXXV, pp. 155-178, map. 
Azuero indications of this kind are not known to occur with equal clearness ; see also 
0. H. Hershey, Geology of the central portion of the Isthmus of Panama, Bull. Geol. 
Univ. Cal., 1901, II, pp. 231- 267, map. 

* H. Pittier, Petemi. Mitth., 1892, p. 162. 
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The western part of these sierras meets the continuation of the volcanos 
of Costa Rica. The volcanos of Poas, Barba, Irazu, and Turriajba, are 
ranged close beside one another'. The pass of Ochomoga (1,530 meters) 
separates the volcanos, according to Pittier, from the beginning of the 
sierra®. The Cordillera de Data, situated to the south of Turrialba, is 
also, probably, a volcano ; it is followed by a long break in the mountains, 
extending to the volcano of Gkiviqui, which also joins on to the west side 
of the Sierra de Talamanca. 

The broad Sierra of Aguacate, which nins north of San Jos^ from the 
volcanos of Barba and Irazu towards Nicoya bay, has been investigated by 
Attwood ^ and Hayes ; it is entirely volcanic. On the other hand, Hayes 
has found Rudistes limestone at the north foot of the Sierra Candella 
which follows it on the south ; the Tertiary beds of this sierra have been 
already mentioned. The isolated peak of Herradura near the western 
end of the Sierra Candella, which is often cited as a volcano, cannot be 
regarded as such; it seems rather as though a series of Miocene folds 
l)ordered the Pacific coast for a considerable distance even to the west of 
the Sierra 

There are a number of cliaracters which indicate that the promontories 
of Nicoya, Salsipuedes? Burica, the island of Coiba, and then Azuero and 
Garachine, are fragments of one or several cordilleras ; but, unfortunately, 
these parts are but little known. The Rudistes limestone of the Sierra 
Candella has been referred to above, and mention has also been made of 
traces occurring in Garachin^, Sapper's map marks several ranges of 
limestone, probably Cretaceous, extending from Nicoya to about long. 
S2° 30' W. ; they lie south-west of a folded Tertiary zone, which might bo. 
the lx)rder of one of these conlilleras 

Hill, who also suspects the existence of some connexion between the 
peninsulas, cites from Nicoya granite, serpentine, and jadeite, also a green 
([uartzite, which is i-egarded as the oldest rock, and the ‘ Panama formation 
a greenish white rhyolitic or pumiceous tuff*, which is said to be older 
than the Tertiary sediments 

These peninsuhis still offer an admirable field for investigation. 

’ K. Sapper, Zeitschr. deutsch. geol. Ges., 1901, pp. 24-51. 

H. Pittier, Sur Porographie de TAmerique Centmle et les volcans de Costa Rica, Arch. 
Soc. Phys. et Hist. Nat. Geneve, 1889, 3® ser., XXIl, pp. 46(5-472. 

* G. Attwood, Geology of a part of Costa Rica, Quart. Journ. Geol. Soc., 1882, XXXVIII, 
pp. 328-340, map. • 

^ A. von Frantssius, Beitrag zur Kenntniss der Viilcane Costa Ricas, Peterm. Mitth., 
1861, p. 329; H. Pittier, op. cit., 1892, p. 162. 

® U. Sapper, Peterm. Mitth., Erg. -Heft no. 151, pi. 1. 

" R. Hill, Bull. Mus. Comp. Zool., 1898, XXVIII, no. 5, pp. 206 and 221, 222. Th£ 
older map by M. Wagner marks in the interior of Nicoya ‘ trachy-doleritic hills and 
tuff-formations of trifling height', Peterm. Mitth., 1803, pi. If. 
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First advance. Backward bend toivards South America. The abysses 
of the gulf of Mexico do not reach 4,000 meters. The greatest depth of 
the Caribbean sea is 5,201 meters. Between the two basins the sea 
bottom sinks rapidly, south of the great Cayman, to 6,269 meters, in 
the Bartlett abyss. Just outside Amaticiue bay a depth of 3,075 meters 
has been sounded, then the depth rapidly increases up to the Great 
Cayman, and reaches 5,260 meters betw^een Jamaica and Cuba. The Sierras 
which reach Amatique Bay with a course concave towards the nortli 
(Sierra del Mico, Sierra del Espiritu Santo) turn their convexity towards 
the north as they pass through Roatan towards Jamaica, and the BartUtt 
abyss is their foredeep. The serpentine ranges of these sierras are not 
continued into the serpentines of Cuba. 

The Great Cayman is part of a submarine ridge, which runs from the 
Sierra Maestra of Cuba past the Little Cayman into tlie Mysteriosa bank. 
It borders Bartlett abyss on the north, and possibly corresponds to tlit> 
Coxcomb mountains. 

To the north of this ridge lies the Yucatan abyss (— 4,709 meters) 
extending in the same direction towards the east-north-east ; a little to the 
south of the Sierra de Pinos it is still very deep (— 4,519 meters). It may 
be regarded as the foredeep of the Cayman ridge, t 

To the north of Cuba such considerable depths are not known. 

It is only w^here the flat islands off the coast become more rare, on 
the other side of Great Inagua, that the sea-bottom again descends, nortli 
of Haiti, to —4,186 meters, and still further east, north of Puerto Rico 
and the Virgin islands, it attains the extraordinary depth of 8,341 meters. 
The abyss runs towards the east ; north of Sombrero its depth amounts to 
more than 6,000 meters. It is a portion of the foredeep of the cordillera 
of the Antilles, %vhich advances here into the Atlantic. 

Nowhere in the Atlantic region is so considerable a cleep known to 
exist. In lat. O’" 11' S,, long, 18'’ 15' W., - 7,370 meters is reached in the 
Romanche abyas, but this is exceptional, and the place is remote from 
a coast or a visible folded range. The foredeeps of the Pacific alone are 
comparable. Here, as there, the foredeeps do not coincide with the 
volcanic lines. 

On the mainland there seem to be indications of a virgation, but in the 
islands the branches converge. In the gulf of Guacanoyabo the Sierra 
Maestra meets the principal range of Cuba, at Port-au-Prince the line from 
Jamaica to Jacmel (Haipi) unites with the Cibao range. 

We may now pass rapidly over some further details relating to our 
f arlier account (I, p. 542) K 

' Cuba; P. Frazer, Archaean nucleus of the Aiitifies, Rep. Brit, Ass. Adv. Sci., Bath, 
‘J888, p. 654 ; Hayes, Vaughan, and A. C. Spencer, fleological Reconnaissance of Cuba, 8vo, 
Washington, 1901, 123 pp/(.niaps, cf. p. 451, note 1 ; R. A. de Yarza (Rocas hypog^n. dela 
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In 1887 Molengraaff* subjected that account to an instructive criticism, 
with the following results. For the region beginning in the west and 
extending lip to and including Saint Bartholomew, the data are undoubtedly 
correct. With regard to Antigua, Purves has since shown that its eruptive 
rocks ai-e recent, and consequently it does not represent the cordillera. In 
(h'ande Terre (east Guadeloupe) only Tertiary beds are met with ; Barbados 
is little known; Trinidad does not conform to the bend. These facts, 
however, are not incompatible with the existence of an arcuate Antillean 
cordillera, which would explain the coiTespondirig sequence of the rocks in 
Venezuela and Trinidad on the one hand, and Jamaica and the remainiiig 
Antilles on the other K 

Robert Hill, another investigator intimately acquainted with the facts, 
has shown tliat the — 1,000 fathom line indicates, in its course from South 
America, three long ridges. The first of these bounds, at its northern 
extremity, the little island of Aves (Bird Island). The second is formed 
l)y the arc of the Antilles, from Grenada to Puerto Rico, and includes 

Isla de Cuba, Bol. Com. Mapa Espaua, 1895, XX, pp. 71-88) describes the wide distribu- 
tion of the dioritos and serpentines and their intimate association ; V. Pellitero, Apuntes 
geologicos referentes al itinerariode Sagua de Tanamo a Santa Catalina de Guantanamo, 
on la Islii de Cuba, tom. cit., pp. 89-98, map, section through the south-east part of Cuba ; 
the SieiTa de Tahagua strikljs to the east-south-east to the Punta de Maisi ; it consists of 
anticlines and synclines of Cretaceous and Eocene ; on the anticlines diorite occurs as 
a basement ; tt. Hill, Notes on the Geology of the Island of Cuba, Bull. Mus.Comp.Zool., 
1895, XVI, pp. 243 288, maps; J. W. Spencer, Geographical Evolution of Cuba, Bull. 
Am. Geol. Soc., 1895, VII, pp. 67-94. -Jamaica ; R. Hill, The Geology and Physical 
Geography of Jamaica, Study of a Type of Antillean Development, Bull. Mus. Comp. 
Zool., 1899, XXXIV, 256 pp., map. The eruptive rocks are of Cretaceous and middle 
Tertiary age ; to the latter belongs the so-called extinct volcano of Low Layton (p. 113). 

Haiti : L. G. Tippenhauer, Die Insel Haiti, 8vo, Leipzig, 1893, 693 pp., maps ; Geo- 
logische Studien in Haiti, Peterm. Mitth., 1899, pp. 25, 153, 201, maps. In west 
Haiti (with the possible exception of Jacmel peninsula) the east-south-easterly direction 
is probably more frequent in comparison with the due easterly than has hitherto been 
supposed, and doubtless corresponds to that of the Sierra de Tahagua in Cuba ; Bergt, 
Zur Geologie von San Domingo, Isis, 1897, pp. 61-64 ; W. Siovers, R, Ludwig’s Reisen auf 
San Domingo, Zeitschr. Ges. Erdk. Berlin, 1898, XXXITI, pp. 302-354, map. Basalts 
begin to occur in the west more frequently than had been supposed ; the little island 
of Alta Vela lying to the south (150 meters, augito andesite and trachyte) may be a 
continuation, according to Sievers, of the volcanos of the Lesser Antilles. Bergt has 
described hornblende gneiss, and other Archaean rocks of the main chain. The attempt 
to claim a larger distribution for Archaean rocks in the Antilles has been opposed by 
Hill (in particular Jamaica, p. 226) ; Sievers, Zur Kenntniss Puerto-Ricos, Mitth. geogr. 
Ges. Hamburg (1891-1892), 1895, pp. 217-244, map. Proceeding from north to south 
we meet with a hill-range of Tertiary limestone, dij)ping gently towards the north, then 
at a lower level diabase-porphyritc, which also forms the north side of the southern 
ridge, then limestone dipping towards the north and apparently Cretaceous, 

* G. A. F. Molengraaft’, Het geol. Verband tusschen de W. Indische Eilanden, Hand. 
Nat. Geneeskund. Congres, Amsterdam, 1887, 10 pp., map ; De Geologie van het Eiland 
St. Eustatius, Inaug. -Dissert., 8vo, Leiden, 1886, 62 pp., map ; Purves, Esquiase gdolo 
^?ique de Tile d'Antigua, Bull. Mus. Hist. Nat. Belg., 1884-1885, III, pp. 273-318. 
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a very deep embay ment between Sombrero and Auegada. The third is 
very much constricted north of Tobago, and extends to the north past 
Barbados. A tectonic connexion with South America is denied 

The eruption of Mount Pel^e in 1902 attracted general attention to the 
volcanic arc of the Antilles, and led to important investigations. 

The work of Lacraix not only advanced our knowledge of volcanic 
phenomena in general, but also dealt with the special problems we are now 
considering. Lacroix shows that some of the volcanos have ejected 
fragments of gabbro, mica-schist, vein-quartz, and other rocks, thus 
showing that the arc of the cordillera is present underneath the volcanic 
arc. The volcanos are seated, above these ancient rocks, on a substructure 
of fairly old lavas and tuffs, and Tertiary sediments ; Lepidocyclina occurs 
in the ancient tuffs of Martinique. This substructure becomes visible, 
together with the ancient rocks, on some of the islands (Anguilla, 
St. Martin, St. Bartholomew), wliich are consequently assigned to the 
ooidillera (I, p. 549), But since Molengraatf and Cleevo have found 
andesites and basalts in this substructure, Lacroix infers the existence of 
two lines of volcanic islands, an outer and older line, and an inner line 
which bears the active volcanos. The former would comprise Anguilla, 
St. Martin, St. Bartholomew, Antigua, Grande Terre of Guadeloupe, and 
Desiderado; the second, St. Saba, St. Eustace, S’t. Christopher, Nevis, 
Bedonda, Montserrat, Basse Terre of Guadeloupe, Dominica, Martinique, 
Santa Lucia, St. Vincent, the Grenadines, and Grenada. 

In the same year Sapper arrived mdependently at a .similar conclusion. 
The older line advances for a <iistance of 50 kilometers towards the 
younger inner line, * We may say that this is mere chance,’ writes 
Sapper, ‘ or idle speculation set forth on the map, but the fact remains 
that all the volcanic formations of the Lesser Antilles assemble in the 
neighbourhood of the.se curves, and do not occur anywhere outside 
them.’ - 

The resemblance of these curves with those of the Aleutian islands and 
the Kuriles is unmistakable. 

Hogbom draws attention to the trifling amount of potash present in 
almost all the acid rocks of the Lesser Antilles, and finds that the plagioclase 
granites pass imperceptibly into the quartz-diorites, and the latter into the 
olivine gabbro, completely resembling in this respect the granites and 

^ R. Hill, Jamaica, p. 211 ; Pelee and the Evolution of the Windward Archipelago, 
Bull* Am. Geol. Soc., 1905, IHVI, pp. 243 *288, in particular p. 279. The work by J. W. 
Spencer, Reconstruction of the Antillean Continent, Bull. Am. Geol. Soc., 1895, VI, 
pp. 103 -140, deals less with these questions than with displacements of the strand-line. 

* A. Lacroix, La Montague Pelee et ses Eruptions, ouvrage public par TAcademie des 
Sciences, 4to, Paris, 1904, 662 pp., mcqw, in particular p. 3 ; Sapper, N. J. f. Min., 1004, 
Beiiage-Band IT, pp. 37, .38. 
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diontes'(gra]iodibrite) of the Andes This is another point of resemblance 
between the Antilles and the Andea 

The mode of union with South America has given rise to doubt, and 
must now be considered. 

Barbados (336 meters) has been described by Harrison and Jukes- 
Browne. On the long north<eastern coast the lowest rocks, known as 
the Scotland beds, are exposed. Gregory has correlated them with the 
Vicksburg stage (Brito or Vamos^Vamos stage of Nicaragua and Panama). 
They contain petroleum, and are intensely folded and overfolded, but cut 
through by numerous faults, which show that the island forms part of 
a field of fracture. 

The folded Scotland beds are overlain unconformably by siliceous radio- 
larian beds, over these lies a sheet of white coral limestone ; and then, 
lying at a trifling height, comes a still more recent coral limestone *. 

A fossil Cystechinus crassus, from the radiolarian beds, has been described 
by Gregory ; it is a species characteristic of great depths®. The question 
arises whether the foredeep may not he absent here, since its sedimerUs 
have been raised np some thousands of meters. 

In any case, a folding movement occurred here after the upper Aqui- 
tanian (Scotland) period, and after this a very considerable folding or 
tdcvation again occurred. 

Traces of such movements are also found in some of the other islands, 
e.g. in Jamaica. Under similar conditions radiolarian rocks make their 
appearance, according to Gregory, on the north side of the eastern extremity 
of Cuba. 

With regard to Tobago I have only very scanty infoimation. The 
north-eastern part of the island, jxccording to Eggers, is rugged and moun- 
tainous (700 meters) ; yellow and red slates, basalt, and diabase are said to 
occur ; the south-western part is flat and consists of coral limestone *. 

We may supplement our earlier account of Trinidad (I, p. 535) by 
adding that the Scotland beds (here termed the Naparima stage) contain 
petroleum, as in Barbados, and ai'e similarly overlain in discordance by 
radiolarian beds. Although the east-and-west direction is clearly expressed 

* llfigbom, Petrographic der Kleinen Antillen, Bull. geol. Inst. TJniv. Upsala, 1905, 
VI, pp, 214-232. 

* J. B. Harrison and A. J. .Tukes-Browne, Geology of Barbados, Salisbury, 1S90, 
8vo, 64 pp., map ; Geology of Barbados, Geol. Mag., 1902, pp. 550-5.54 ; and Quart. 
Journ. Geol. Soc., 1891, XLVII, pp. 197-250, and 1892, XLVllI, pp. 170-226 ; J. W. 
Gregory, Contribution to the Palaeontology and Physical Geology of the West Indies, 
op. cit., 1895, LI, pp. 2.5.5-310, in particular pp. 297 and 30W. Recently Harrison has 
distinguished folded lower, and unfolded, unconformably superposed, upper Scotland 
beds. Quart. Journ. Geol. Soc., 1907, LXIII, p. 336. 

’ Gregory, Quart. Journ. Geol. Soc., 1889, XLV, p. 640. 

f Baron H. Eggers, Tnsel Tobago, Deutsche geographische BlUtter, Bremen, 1898, 
XVI, pp. 1-20, map. 
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in the contour of the island^ yet Wall observes that the strike of the rocks 
is almost constantly E. 20° N. ; thus the island cohforms more closely with 
the arc of the Antilles than its outline would lead us to suspect 

In the northern part of Venezuela, adjacent to Trinidad, Cortese 
observed a range of Archaean schist, already well known, which is accom- 
panied in the south by Cretaceous limestone. Here the general strike is 
east, or east and a little north. Cortese found that the ancient schist dips 
to the north, but the Cretaceous limestone to the south, and that they are 
separated by a fault. The petroleum-bearing Ijeds lie at their southern 
loot. Petroleum occurs on the western shore of the gulf of Paria, on the 
northern shore of the gulf of Cariaco, and further away along the sea- 
coast. A line of hot springs inins east and west through tlie Tertiary land. 
One of these, near Providencia, is an intermittent geyser. 

In the south the Cretaceous limestone follows the inner cordillera. 
According to Cortese, faults running east and west determine the structure 
of the land and stand in some causal relation with the earthquakes, which 
are of frequent occurrence. We may therefore infer that the coulisse 
valley between Cuniana and the gulf of Paria is a fault-trough. 

A lower Silurian trilobite, Calymeue mnariay and a great Orthoceras 
were found by a traveller on the route from Caracas through Valencia to 
Puerto Caljallo. They have been described by Hrevermann. These are 
the only traces of lower Palaeozoic fossils known over tliis very consider- 
able interval Confirmation of these finds would, therefore, be of no 
small importance 

The islands of Bonaire, Curasao, and Amha have been described l)y 
Martin ; they everywhere present the same rocks as the mainland ; among 
them are radiolarian shales, some of which correspond with the radiolarian 
beds of Barbados and Trinidad ; but it appears that similar shales also 
occur l:»eneath the Cretaceous formation 

The peninsula of Gcajira, which projects far out to sea, according to 
Simons, is mountainous and formed of three series of volcanic hills (up 
to 850 meters). The Teta Goajira (366 meters), which rises solitary out of 
tlie broad plain lying between these ranges and the north border of the 
Sierra de Santa Marta, consists, according to tlie same authority, of trachyte. 
Casas and Codazzi, ofiicers on the frontier of Columbia and Venezuela, 

^ Harrison and Jukes-Browne, Quart. Joum. Gcol. Soc., 1892, p. 217 ; Gregory, op. cit., 
1895, p. 299 ; Wall, op. cit, 1860, p. 465. 

^ E. Cortese, Excursione geologica al Venezuela, Boll Soc. geol ital, 1901, XX, 
pp. 447-469; F. Drevermaifin, Ueber Unter-Silur in Venezuela, N. J. f. Min., 1904, 
pp. 91-93, 

* K. Martin, Geologiache Studien uber NiederiUndisches West-Indien (in his Boise 
nach Niederl3.ndischem West-Indien, lI),8vo, Leiden, 1888,238 pp., maps; also J. Loric^ 
..Fossile Mollusken von Curasao, Aruba und der Ktiste von Venezuela, Sainml geol. 
Reichsmus. Leiden, 1887-1889, 2 . Ser., vol I, pp. 111-149. 
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mention the occurrence on the east coast of Tertiary beds and Cretaceous 
limestone, which they regard as the continuation of the Sierra de Perijfi, 
which comes from the south. Its northernmost part, the Sierra Maciiira, 
should also consist of limestone, according to this account ; it is said to be 
united by a submarine ridge with the Monges reefs, and also with the 
Aruba chain of islands \ 

Thus the Sierra de Perijfi, and therefore a branch of the Colombian 
Andes themselves, seems to swerve from the north-and-south into the east- 
and-west direction. Sievers had previously arrived at the same conclusion 
when investigating the Sierra Nevada de Santa Marta. In general, this is 
a very lofty mountain fragment formed of pre-Cambrian rock, and present* 
ing much the same strike as the Sierra de Perijfi 

On a map of the trend-lines, published by Sievers after very extensive 
investigations, we see how the several branches of the Andes, approaching 
the Caribbean coast from the south, swerve more and more to the north- 
east, east-north-east, and oven east, all trending towards the arc of the 
Antilles These branches proceed (I, p. 535) from a great virgation in 
south Ecuador. Their four off-shoots, the Cordilleras de Choco, Occidental, 
Central, and Oriental, are separated by the valleys of the Atrato, Cauca, and 
Magdalena, The Cordillera Oriental, which runs furthest to the north 
and north-east, is the first to come to an end towards the south. The Sierra 
de Bogota is one of its coulisses ; it has been studied by Hettner^. The 
Sierra de Merida, described by Sievers, is one of the succeeding coulisses 
The ridge often marked on the maps east of lake Maracaibo does not exist. 
Here again, the <lominant strike is to the north-east. The Serrania on the 
coast of Caracas and the Serrania interior, which lies to the south of it, are 
further coulisses, and the Caribbean range, together with Trinidad, is also 
a coulisse. 

New light is thrown on this representation, in itself so consistent, by 
the studies of Stille on the Rio Magdalena. According to Stille, the valley 
of this river is a fault-trough, at least as far as lat. 3® 45' N. ; the east 

' F. A. Simons, Exploration of the Goajira Peninsula, Proc. Geogr. Soc., 1885, new 
sev., VII, pp. 781-796, map ; Casas und Codazzi, Vorlaufiger Bericht der colunibisch- 
venezuelischen Grenz-Commission, Ann. Geogr., 1902, XI, pp. 271-273. 

* W. Sievers, Sierra Nevada de S. Marta und die Sierra de Perija, Zeitschr. Ges. Erdk. 
Berlin, 1888, XXIII, pp, 1-158, map, in particular p. 67 ; W. Bergt, Beitrag zur Petro- 
graphic der Sierra Nevada de S. Marta, etc., Tschermak, Min. Mitth., 1889, X, pp. 271- 
386, 

^ W. Sievers, Karten zur physikalischen Geographic von Venezuela, Petenn. Mitth., 
pp. 125-129, pi. X. * 

^ A. Ifettner, Kordillere von Begot A, Peterm. Mitth., Erg.-Heft no. 104, 1892, 131 pp., 
fliaps; Anden des westlichen Coluuibien, Peterm. Mitth., 1893, pp. 129-136. 

W. Sievers, Cordillcrc von M^^rida, Penck, Geogr. Abh., 1888, III, Heft 1, 238 pp., 
uiap. Wolff thought that the crystalline East Cordillera might be altered Trias 

Jurassic, Zeitschr. deutsch. geol Ges., 1904, XVI, Protok., p. 96. 

®OLLA8 IV J£ Ix ^ 
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border of the trough forms at the same time the west border of the Cor- 
dillera Oriental and the Sierra de Perija, so that the lower-lying region 
between the latter and the Sierra de Santa Marta is, in all probability, 
the continuation of the trough of the Rio Magdalena, and the Sierra Nevada 
of the cordillera Central ^ 

We have seen above that, according to Cortese, the structure of north 
Venezuela is determined by fractures, and that a fault-trough probably 
extends from Cumana to the gulf of Paria. These fractures ai-e regarded 
by Cortese as connected with the earthquakes of Venezuela, and by Stille 
with those of Bogota and Cucuta. The folding is anterior to the fractures. 
The fractures on the Rio Magdalena are, according to Stille, younger than 
a great part of the Tertiary formation and than certain andesitic ashes and 
lavas. The Cordillera Oriental bears no active volcanos. 

The rocks mentioned iis occurring in the Colombian Andes and the 
adjacent parts of Ecuador are chiefly pre-Cambrian and Cretaceous, 
eruptive rocks of various age are also present. Bergt also distinguishes 
on the west side of the Cordillera Central, from lat. 4° 15' N. southwards, 
diorite porphyrites of tonalitic habit ; he compares them with the Mesozoic 
eruptive rocks which attain such great importance further south Further, 
a highly altered series of rocks, which occur chiefly on the west side of the 
Cordillera Central between lats. 2° and N., must bo regarded, according to 
Bergt, as Palaeozoic. 

Cretaceous sediments are very widely distributed and of great thickness. 
On the Rio Magdalena Stille estimates their thickness in round numbers at 
6,000 meters The lower Cretaceous, the European character of which 
was already recognized by Karsten, includes the Hauterivian, Barrcrnian, 
Aptian, and AJbian stages^. It is followed by the upper Cretaceous 
(Aifianchytea ovata, Micr aster coi^awjvyinum), then red marl with gypsum 
(Guaduas beds, which Stille refers to the Cretaceous), then gravel, and 
finely clastic sediments, which are regarded as Tertiary. 

Thus, in Western America, from Alaska down to Ecuador, the uncon- 
formity and transgression of tlie Cretaceous begins not with the Cenomanian 
but the Neocomian. From Wrangell to Califoniia we have the Russo- 

* H. Stille, Geologische Studiem im Gebiete der Rio Magdalena, Festschrift fvir A. von 
Koenen, 8vo, Stuttgart, 1907, pp. 277-358, map. 

* W. Reiss und A. StUbel, Reisen in Sud-Amerika, Geologische Studien in der Ropiiblik 

Colombia, II; W. Bergt, Petrographic, 2. Die filteren Massengesteine, etc., 4to, Berlin. 
1899, 239 pp., map, in particular p. 213 ; several details also in J. M. Zujovic, Les Roches 
des Cordillerefl, 4to, Paris, 1884, 75 pp., containing the description of Boussingault’s 
collection. * 

* It is true that these figures include the Guaduas beds, which with equal justice might 
be regarded as Tertiary. The presence of traces of Lias (T, 535) has not been confirmed. 

* G. Steinmann, Beitrag zur Geologie und Palaeontologie von Sud-America, VI; 
K. Gerhardt, Beitrag zur Kenntniss der Kreideformation in Columbien, N. J. f* 

1897, Beil.'Bd. XI, pp. 118-208 ; Stille, Geologische Studien, etc,, p. 288 et passim. 
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l)oreal facies of the Knoxville stage, and in Colombia the Mediterranean- 
European facies. 

The continuity of North and South America is clearly seen it we add*the 
trend-lines of Central America, as they are sketched out by Sapper, to 
Sievers’ map of the trend-lines more to the south We then perceive two 
virgations of opposite curvature, which unite in the arc of tlie Antilles. 

This arc indicates the advance of the Pacific folds into the unfolded 
region of the Atlantic^ and into thiit part of it- in particular which lies 
between Laurentia and Brazilia. The movement dominates the whole of 
thiKS region, and determines all the trend-lines of the west coast from 
lat. 43° N. down to lat. 4° S. 

Emador, Peru, (I, p. 533.) Towards the sea the Cordillera Occidental 
is bordered by a plain, but isolated bosses of syenite and diorite emerge 
from the Inoceramus limestone of Guayaquil (I, p. 533), and on the east 
coast of the island of Puna (lat. 2'* 48' S.) Wolf observed a breccia of 
andesitic lava 

Mud volcanos rise here and there in the Tertiary coast region, which 
exfccndvS through Piura and the desert of Sechura down to lat. 7” S. 
Grzybowski finds that they must be assigned, along with the beds contain- 
ing petroleum, to the lower Miocene or the boundary of the Oligocenc, that 
is, they are approximately the same age as the petroleum beds of Trinidad. 
Here, however, granite occui's on the Rio Tumbez near lat. 4“ S., and 
pliyllite, with a north strike, near Payta (lat. 5"" 5' S.) They probably form 
offshoots of the little-known Cordillera de Amotape, 

The great range of Ecuador consists of a western chain, the continuation 
of the Cordillera Occidental, formed chiefly of intrusive and efiusive rocks 
of Mesozoic age, and an eastern chain, correspoinling to the Cordillera 
('entral, which is composed chiefly of pre-Cambrian rocks. These are 
separated by the Interandine region, which is bordered on both sides by 
recent volcanos and cumbered by their ejectainenta 

^ Sapper, Verb. Ges. Erdk. Berlin, 1900, pi. VII ; and Geogr. Congress, 1904, p. 238. 
Jukes- f3rown and Harrison, basing their arguments ou the uniform girdle of strand-lines, 
tbiit is, a phenomenon which is independent of the mountain structure and not decisive in 
this case, had already conjectured that the Antilles were a branch of the Andes, Quart. 
Journ. Geol. Soc., 1891, XLVII, p, 239, ‘an extension or offshoot of the Andes.’ 

* T. Wolf, Geografia y Geologia del Ecuador, 8vo, Leipzig, 1892, 671 pp., map, ^37, 
•238,333. Further traces of recent lavas on the west coast were mentioned in vol. I, 
p. 532; see also J. Siemiradzki, Geologischc Reisenotizen aus Ecuador, N. J. f. Min., 
1886, Beilage-Band IV, pp. 195-227. 

F. Moreno, Yacimientos de petroleo en el Departamento do^Piura, Bob Soc. Geogr. 
binia, 1894, III, pp. 283-343 ; G. Grzybowski, Tertiilrablagerungen des nOrdlichen Peru 
Jjud ihro Molluskenfauna (Steinmann, Beitrage, VIII), N. J. f. Min., 1899, Beilage-Band 

II, pp. 610-664, map. 

* Whether Wolf’s * Interandine region ’ (I, p. 533, near long. 79® E., not between longs. 

and 82®), and in particular the segment of Cuen 9 a, indicates the presence of a trough 

J’equires further investigation. * 

If h 2 
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South of lat. 4"* 30' S. the range becomes broader, and in north Peru 
more diversified. 

The structure of this region, which includes the low mountains formed 
of ancient rocks extending along the coast, the lofty Mesozoic chains and 
the ancient rocks on the Maraiion in the east (I, p. 530), has more than 
once been represented by transverse sections, but that drawn by Steinmann 
through a distance of 220 kilometei's, from Lima across the first lofty chain 
of the Andes, is the first to show that here the great cicatrice already 
makes its appearance, and is already developed on a gigantic scale. From 
this, as from a repeatedly reopening wound, molten rocks have been dis- 
charged ever since the Rhaetic or the Lias doWn to the present day. 

Its products as determined by Steinmann are the following : — 

1. Basic porphyrites (basic felspar, augite, magnetite, titaniferous iron) : 
porphyritic breccia or tuff also occurs, frequently containing Jurassic fossils 
or wholly represented by normal Jurassic sediments ; 2. Andes diorite (also 
Andes granite), with veins of aplite and pegmatite ; 3. Quartz-andesite : 
this is more characteristic of the east ; in the zone of contact lie the ores of 
Cerro del Pasco. Active volcanos are absent. 

Six zones have been distinguished : 1. The granitic and Tertiary zone 
of the coast (not in the section) ; 2. A zone of normal lower Cretaceous, not 
very broad, and not extending far beyond Lima ; 3, The zone of the diorites ; 
4. A porphyritic, Mesozoic zone ; 5. A normal calcareous, Mesozoic zone ; 
6. In the east a zone of ancient schist and granite. 

In order not to lose sight of the magnitude of the scale we may bear in 
mind the fact that the vsection across this foremost chain of the Andes is 
equal in length to the distance from the outer border of the Jura mountains, 
south of Bale, to the southern shore of lake Maggiore. Nearly half of this 
distance is comprised in zones 3 and 4. The quartz-andesites in particular 
are still richly represented in zone 5. 

At the end of this section, near the town of Lima and on the adjacent 
island of San Lorenzo, G. Neumann has discovered a Wealden flora with 
some European species lying beneath marine Neocomian ; this affords fresh 
evidence that the coast chains, or at least certain parts of them, were dry 
land during various stages of the Mesozoic aera ^ 

Cordillera Real (I, p. 518), Argentine chains (I, p. 512). From Peru 
onwards the mountains are divided into three principal zones. The first of 
these, on the east, is the Cordillera Real, extending along the east side of 
lake Titicaca; the second is the Cordillera de los Andes, on which the 
volcanos are seated ,• the third is the Cordillera de la Costa. The observa- 
tions collected since the first discussion of this range show that the Cordillera 

* Steinmann, Observaciones geoMgicas de Lima a Cbanchamayo, Bol. de 1. Ing. Minas 
Peru, Lima, 1904, no. 12, 27 pp, ; R. Neumann, Beitrag zur Kenntniss der Kreide formation 
in S.Peru (Steinmann, Beitr., XIII), N. J. f. Min., 1907, Beilage-Band XXIV, pp. 09-132. 
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Real, the Bolivian Altaplanicie which lies in front of it on the west, and 
also the Argentine chains in the south, are formed of the same stratified 
series as that which covers a considerable part of the Brazilian mass, 
while the Cordillera de los Andes and the Cordillera de la Costa present a 
divergent series, marked by the diminished development of the P^daeozoic 
and the increased development of the Mesozoic marine beds. This fact has 
an important bearing on the nature of the continent itself and also on its 
relations to North America. 

Let us approach the range from the north-east. Here the whole 
sedimentary covering, with the exception of some insignificant patches, has 
been removed. Evans met with some exposures on the Madeira in lat. 9® S., 
and observed that the strike of the ancient rocks was already directed 
parallel with the Cordillera. In this district alkali granites, granulites, 
and other crystalline rocks occur ; and then, on the Beni, in rapids situated 
at great distances from one another, come gneiss, aplite, and a siliceous rock 
with sponge-remains. The plain lies surprisingly low, over large areas in 
Caupoliedn it is only 250 to 300 meters above the sea. 

The Cordillera Real increases very rapidly in height ; towards the north- 
west, across the Nudo de Apollo bamba and beyond, its free ends disappear b 
It is followed by the gian^^ mountains to the east and south-east of lake 
Titicaca (Illimani, Illampu, and others). The Nevados de Araca form its 
continuation to the south-south-east, and this direction is maintained to the 
north of Cochabamba, where an east-and-west strike unexpectedly sets in, 
and ivS followed by a sudden bend to the south, as though the bay of Arica 
really indicated a syntaxis in the interior of the land, although, as we shall 
see directly, the folding, at least in the south, does not bear out this sugges- 
tion. Here begin the long Argentine sierras, which likewise disappear 
far to the south in free ends. 

From the summits of the Illimani, Conway has brought back gneiss and 
coarse-grained granite^. The slopes are formed of Palaeozoic sediments. 
vSteinmann and his colleagues Hoek and von Bistram have given an interest- 
ing account of the structure of the chains from the Illimani (lat. 16"' 40' S.) 
past the bend at Cochabamba to lat. 22° 30' S. The gneiss soon disappears 
and the mountains arc formed of Cambrian, Silurian, and Devonian sediments 
overlain by a red Cretaceous sandstone (Steinraann’s Puca sandstone) all 
thrown into long folds. The movement of folding, as far as can l)e dis- 
covered, is directed towards the east and must be younger than the Puca 

' Evans, Expedition to Caupolican, Geogr. Journ., 1903, !XXII, pp. 601-646, map ; 
he Rocks of the Cataracts of the River Madeira and the adjoining portion of the Beni 
aTid Marniorc% Quart. Journ. Geol. Soc., 1906, LXII, pp. 88-124, map. 

Conway, Exploration in the Bolivian Andes^ Geogr. Journ., 1899, XTV, pp. 14-34, 
in particular Bonney, pp. 18 and 31 ; P. Lake, Trilobites from Bolivia, Quart, 
Geol. Soc., 1906, LXII, pp. 425-430 ; E. Wood, Graptolites from Bolivia, op. cit., 
PI>- 431-432. 
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sandstone. This sandstone extends over so wide an area that its trans- 
gr(*ssion does not seem reconcilable with the previous existence of a great 
range 

These facts are supplemented by important and more recent observ^ations 
made by the Argentine geologists, which have been communicated to me 
through the kindness of Messrs. Hermitte, Keidel, and Schiller. 

The folding towards the east is still perceptible in the extreme east of 
the range ; on the east side of the Sierra de Zenta (about lat. 23° S,, long. 
65° 10' W.) Keidel observed flakes of phyllite, and Cambrian and lower 
Silurian sediments, which have been thrust towards the east ; even thij 
upper Cretaceous is included in the overthrust flakes. In many places the 
eastern border of the pre-Cordillera appears, says Keidel, to be the margin 
of a segment which has been thrust up on to an invisible mass ; it marks 
approximately the limit up to which the effect of the horizontal movement 
is directly visible towards the cast. Similar flakes had previously been 
observed by Valentine on the upper Bermejo in the same region 

From this point to Mendoza, through twelve degrees of latitude, th»? 
southern border of the range reveaLs long fractures, horsts, and trough- 
faults, which cut through the folds. Brackebusch distinguished in this 
region no less than nine mountain ranges or coulisses, proceeding towards 
the south ; the eastern ranges rise more or Icvss isolated from the plain, the 
western are longer and more closely crowded together. Owing to this 
arrangement the isohypses drawn by this observer present us with a 
picture which resembles, though on a larger scale, that of the outer l)order 
of the Rocky mountains (p. 385, fig. 31) \ 

These coulivsses are free ends, which emerge from a network of fractures. 
Stappenbeck found this to be the case in Rioja, and Keidel in Mendoza. 
Transverse disturbances also set in, and, as a consec[uenco of the persistence 
of the folding, torsions have been produced near Mendoza, as well as over- 
thrusts of the Cambrian on to plant-bearing Rhaetic beds. 

In about the latitude of the bay of Arica the ivedern part of the pvo- 
montory of Brazilia aver'whelmed by the folding movement directed 
toivards the east, a^ad at the same time broken in along sub-merid tonal 
lines. This process gave rise to the Argentine praecordilleras, but the 
movement decreases in force toivards the south and dies avmy smth of 

* H. Hoek imd G. Steinmann, Erliiuteninj^ zur Routenkartc dcr Expedition in die 
Anden von Bolivien, Peterm. Mittli., 1906, pp. 1-12, maijs. 

2 IL Keidel, Ueber den Ban der argentinischen Anden, Sitzb. k. Akad. Wiss. Wien, 
1907, CXVI, pp. 649- 674 ; J. Valentin, Bosquejo geoldgico de la Argentina (from the 3ril 
edition of F. Latzina, Diccion. geogr. Arg.), 8vo, Buenos Aires, 1897, 50 pp. 

* L. Brackebusch, Mapa geologico del Interior de la Republica Argentina, 5 sheets, 
folio, Gotha, 1892 ; Hohenschichten-Karte, in Peterm. Mitth., 1893, pi. 10. A aunmiary 
of the petrographical work is given by Romberg in N. J, f. Min., 1893, Beilage-Band 
Vin, p. 276. 
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Metidoza ; possibly it has not come to an end even at the present day. The 
very considerable quantities of post-Cretaceous gravel and conglomerate 
which occur on many mountain-sides show inclinations up to 60°’ and 
marked unconformities. The network of faults in Mendoza sometimes 
forms the starting point of earthquakes. 

Although the isolated Sierra de Cordoba (2,580 meters) presents diver- 
gent inclinations, yet its origin may be ascribed to the same general process. 
This sierra consists almost exclusively of pre-Cambrian rocks. Its folds 
strike, according to Bodenbender, through four degrees of latitude, chiefly 
to N. 25° W. (with variations to N. 25° E.), and are cut through by younger 
fractures ; the sub-meridional western border possibly corresponds through- 
out its length with a fracture of this kind. Considerable subsidences also 
reveal a covering of what is probably Permo-triassic sandstone 

This extensive folding of the foreland is unique of its kind ; a closer 
comparison between the Andes and Brazil thus suggests itself. On the 
lower Amazon, Katzer describes transgressive Devonian represented by 
the Hamilton stage (according to Schuchert, Oriskany) of the United States. 
In Matto Grosso, according to Ammon’s statement, we again meet with the 
Hamilton stage, characterized by the widely-distributed Vitulina pustulosay 
and also the next oldest stage, the upper Helderberg (and Oriskany sand- 
stone), containing a great quantity of Leptocoelia {Aiioplotheca) flabellites. 
Both the Leptocoelia and tlic Vitulina stages were observed by Bodenbender 
in the pre-Cordilleras, separated only by a bed with a lower Silurian Meri- 
stolla; Kayser has inferred from this the presence of a transgression. 
Both stages reach lake Titicaca \ 

On the Amazon these stages are followed by the marine upper Carbo- 
niferous. On lake Titicaca, and then for a great distance towards the 
north-east, as well as towards the south-east, nearly as far as Cochabamba, 
Carboniferous (upper?) also occurs (I, p. 518) ^ 

' G. Bodenbender, La Sierra de Cordoba, Anal. Minist. Agric,, Secc, Geol,, 1905, I, 
no. 2, 147 pp., map. 

^ F. Katzer, Das Amazonas-Devon ; Sitzb. bOhm. Ges, Wiss., 1897, 50 pp., map, in 
particular p. 41 ; Grundziige der Geologie des unteren Amazonas-Gebietes, 8vo, Leipzig, 
1903, 296 pp., map, in particular p. 244 et aeq. ; also C. Schuchert, Geology of the Lower 
Amazon Region, Journ. Geol. Chicago, 1906, XIV, pp. 722-“746 ; L. von Ammon, Devoni- 
ache Versteinerungen von Lagoinho in Mato Grosso (Brasil), Zeitschr. Ges. Erdk., 1893, 
XXVIII, pp. 352-366; G, Bodenbender, Devono y Gondwana en la Republica Argentina, 
Bol. Acad. Cdrdoba, 1897, XV, pp. 201-255, map ; Contribucion al conocimiento de la 
Frecordillera de San Juan de Mendoza, etc., op. cit., 1902, XVII, pp. 203-264, in par- 
ticular pp. 221 and 232 ; E. Kayser, Beitrilge zur Kenntniss ciniger palaeozoiacher 
Faunen Slid- Americas, Zeitschr. deutsch. geol. Ges., 1897, XtlX, pp. 274-317 ; for all 
‘letails, A. Ulrich, N. J. f. Min., 1892, Beilage-Band VIII, 116 pp., in particular p. 90 et 
®eq-; and J. Thomas, Zeitschr. deutsch. geol. Ges., 1905, LVll, pp. 233-270. 

* On the upper Pachitea (left tributary of the Ucayali lat. 10-11°) lies upper Carboni- 
ferous with Spirifer Condor fLud other species ; these were found by Orton and determined 
^y Derby ; Katzer, Grundziige der Geologie des unteren Amazonas-Gebietes, p. 246, 
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In North Brazil and in this part of the Andes all marine formations 
come to an end w^ith the Carboniferous, and they do not recommence until 
the deposition of the upper Cretaceous covering ; this covering occurs in both 
regions, but in Brazil it presents the character of a partly marine trans- 
gression, and is restricted to sublitoral areas. Marine beds of Tertiary 
age are entirely absent. In South Brazil the marine beds in general are 
little developed, until, proceeding from the La Plata in the south, a great 
Tertiary transgression sets in. 

We now reach the non-marine deposits. In the pre-Cordilleras, between 
San Juan and Mendoza, Szajnocha has established the presence of the 
European culm flora ; it is not yet known in Brazil ^ 

Zeiller has shown that the coal-measures of the Rio Grande do Sul 
and the southern part of Santa Caterina (lat. 28°--32°S., long. 48°-64'' W.) 
contain the Khaharbari flora of the Indian lower Gondwana. 

Kurtz discovered the same flora in Bajo de Vclis (Sierra San Luis, 
lat. 32®20'S., long. 65^30' W.), and Bodenbender found it in the sandstone 
which occurs in the so-called Pampas sierras and the pre-Cordilleras, 
resting sometimes on an Archaean, sometimes on a Palaeozoic foundation. 
The typical species, Olossopteris Brcnvniana, does not fail, and Lepidoden- 
dron here accompanies this flora, as in South Africa and on the lower 
Tunguska (III, p. 36) \ 

Rhaetic plant-remains are known in the pre-Cordilleras. Then follow 
the Puca sandstones, which are certainly in part extramarine ; and fresh- 
water Cretaceous marls, containing hero and there freshwater shells 
and Dinosaurs, are recorded at a height of 4,000 meters. Above these 
beds, especially in certain parts of the Argentine sierras, there lie, precisely 
as in Colombia, astonishing thicknesvses of gravel, sand, and argillaceous 
sediment, devoid of organic remains, which have been affected by tectonic 
movements from the time of the upper Cretaceous down to the present day. 

From this it appeai^s that nowhere between hits. 14” and 35” S., at least 
in the whole of that region of the Andes which lies east of lake Titicaca 
and the volcano of Tinguirica, does a Mesozoic completion of the marine 
series set in. In the Argentine pre-Cordilleras we have, in fact, a foreland 
series. It corresponds in the closest manner with that of Brazil ; from the 
Carboniferous to the upper Cretaceous no marine bed makes its appearance, 
and successive floras (Culm, Gondwana, Rhaetic) show that through long 
periods no sea existed here. Active volcanos are absent throughout this 
eastern part of the Andes. It is true, however, that indications exist 
of former volcanic activity. 

^ L. Szajnocha, Carbonische Pfianzenreste au8 der Argentinischen Republik, Sitzb. 
k. Akad. Wiss. Wien, 1891, C, pp. 199-209. 

* R. Zeiller, Flore fossile des gisements houillers du Rio grande do Sul ( Bresil meridional), 
Bull. Sac. g4ol. France, 1895, 3® ser., XXIll, pp. 601-628 ; P. KurU, Contribuciones 
4 la Palaeopbjtologis^ il^rgentina, Rev. del Museo de la Plata, 1895, VI, pp. 119-139. 
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Stelzner has shown that a long series of silver-tin veins extends from 
the northern end of lake Titicaca, along the lofty Cordillera Real tlirougli 
Oruro and the famous Potosi, nearly up to Argentina, i.e. from lat. IS^IO' 
to lat. 21® S. It corresponds with a range of quartz-trachyte and dacite * 
which is at most of Cretaceous age. This range, occurring outside the zone 
of the existing volcanos, shows that here also the volcanic activity has been 
restricted or displaced. At other places also andesites cross over into the 
(jastern region. 

In the west of this part of the Andes, an elongated, narrow plateau, the 
Bolivian Altapkmicie, makes its appearance as a fairly independent element. 
It stands out very plainly in about lat. 16® S. ; beyond lat. 23® S. the plateau 
of Atacama may be regarded as its continuation. It probably attains its 
greatest breadth in the latitude of the bay of Arica and the bend of 
Cochabamba, where the problematical indications of a syntaxis, diverging 
from the easterly direction of the folding, make their appearance. Dereims 
estimates the height at 3,700 to 3,800 meters (Titicaca, 3,812 meters; in 
the east, Illampu 6,684 meters, and Illimani 6,458 meters, according to 
Conway ; in the west, Sajama over 6,500 meters 

According to a transverse section by Steinrnann the Altaplanicie consists 
(in lat. 17®) of gently undulating beds. To the east the predominant rocks 
are the Palaeozoic series of the Cordillera Real, traversed by trachyte, 
further to the west the very thick Cretaceous Puca-sandstone and the 
equally thick post-Cretaceous sediments ^ 

The Cordillera Real, the Argentine cordilleras, and the Altaplanicie 
form a monntaindand ivith the stratified sequence of the Brazilian fore- 
land, A ndine structure, and no active volcamos. 

The Cordillera de los Andes and Cordillera de la Costa, These two 
chains must l)e regarded as forming a single structure. The Cordillera de 
la Costa is the natural foundation of the Mesozoic scries, which rests 
autochthonoiisly against and upon its eastern side ; it is this series whicli 
hears the volcanos. 

In Peru marine Trias is present. In south Peru and for a long distance 
down into Chile the series ranges from the Lias into the Cretaceous ; the 
Tertiary is represented by leaf-bearing beds. The thick Palaeozoic series 
of the near East has not yet been ol)served, only at La Ligua (lat. 32® 27' S., 
north of Valparaiso) shales with Productus are recorded by R. A. Philippi 

To the west of this Mesozoic series the Archaean rocks of the coast 


^ A. W. Stelzner, Silber-Zinnerzlagerstatten Bolivias (edited by A. Borgeat), Zeitsebr. 
deutsch. geol, Gea., 1897, XLIX, pp. 51-142, map. 

I Lc Haut Plateau de Bolivie, Ann. de Geogr., 1907, XV 1, pp. 350-359. 

G. Steinrnann, Entatehung der Kupfererzlagerstatto von Corocoro, Festschrift fiir 
H.^Rosenbusfch, 8vo, Stuttgart, 1906, pp. 335-367. 

* R. A. Philippi, Palaeozoische Schichten in Chile, Zcitschi. deutsch. gcol. Ges., 1898, 
h p. 435. , 
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cordilleras first make their appearance in the north as isolated ridges 
(I, p. 523) ; further south they form long continuous ranges. Where they 
are absent, as for example near Iquique (lat, 20° 10' S.), the Mesozoic rocks 
reach the sea. Ascending from the ancient granite of the coast at Copiapd 
(lat. 27° 15' S.), towards the east, Steinmann met with Mesozoic porphyrites, 
then siliceous Neocoinian limestone, and afterwards conglomerates and tuff, 
with dykes of porphyrite. At La Ternera he reiiched coal-measures resting 
on a conglomerate of Archaean rocks ; they are overlain by Lias with 
Arietes At Caracoles gypsum makes its appearance in the Oolites and 
affords an easily recognized horizon. 

On this diversified Mesozoic series, generally beginning with the lower 
Oolites, the great volcanos ax*c seated. As regards their distribution we 
may refer to what has been said above, and to the lists of Hauthal (I, p. 519 
et passim). There can be no doubt that volcanic activity has manifested 
itself over this long line from very remote times, since the lower Oolites, at 
least, and perhaps since the Rhaetic or the Lias. Many of the Mesozoic 
sediments are true tuffs. The whole series is invaded by sills and bosses. 
In the region between hits. 27° and 30" 40' S., as would appear from Moricke’s 
observations, diabases and augite porphyrites first made their appearance, 
chiefly as outpoured sheets, with beds of tuff and^]>reccias, and these were 
predominant throughout the whole of the Jurassic and a part of the 
(Cetaceous period. Then more acid rocks followed, (piartz-diorites, horn- 
blende porphyrites, and granites accompanied by (juartz-porphyry. Some- 
where near the beginning of the Tertiary times plagioclasc-augite rocks 
made their appearance and were followed by andesites and liparites. Tlie 
volcanos in Chile, not yet extinct, which were visited by Moricke, are formed 
of basic rocks, varying between olivine-bearing pyroxene andesite and 
basalt 

This succession of Mdricke’s is valid as a single instance only. The 
quartz-diorites, the granites, and the whole group of the so-called Andes 
granites may be i-ogarded as the equivalent of the North American grano- 

^ H. Graf zu Solms-Laubach and G. Steinmann, Das Auftreten der Flora der rhatischeii 
Kohlenschichten von La Ternera (Chile) (Steinmann, Beithige, VII), N. J. f. Min., 1899, 
Beilage-Band XII, pp. 581-609. At Jorquera, south of Tenierfi, the ancient hornblende 
gneiss of the Coast cordillera crops out from the midst of the Mesozoic j)Oq>hyrites ; 

von Wolff, Zeitschr. deiitsch. geol. Gcs., 1899. LI, p. 478. A survey of the Mesozoic 
zone of North Chile is given by W. Moricke, Versteincrungen des Lias und Unteren 
Oolith von Chile (Steinmann, Beitx*age, II), N. J. f. Min., 1894, Beilage-13and IX. 
pp. 69-76 ; for the physics! structure of the north, also L. Darapsky, Das Departement 
Taltal, 8vo, Berlin, 1900, 229 pp., atlas. 

* R. Hauthal, Die Vulkangebiete in Chile und Argentinien, Peterm. Mitth., 190»b 
pp. 97-102, map ; and Distribucidn de los centros volcanicos, Riv. del Museo de La 
Plata, 1903, 16 pp., map ; a small supplement is given by Steffen, Vf 3 rh. deutsch. wiss. 
Ver. Santiago, 1904, V, p, 53, note; W. Mdritke, Geologisch-petrologische Studien in 
den cbilenischen Andenf Sitzb, k, Akad. Wiss. Berlin, 1896, XLIV, j)p. 1161-1171. 
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diorites. These are of various age, some of them very recent. They are 
repeated towards the south ; Nordenskjold mentions them, e.g. in the island 
of Calbuco (north of Chiloe), and even much further south ^ 

Tracts of extraordinary length here come under observation. Burck- 
hardt points out that thick conglomerates formed of well-rounded pebbles 
of Jurassic porphyrite are known to extend, unchanged in character, from 
Bolivia to lake Nahucl-huapi, that is for not less than 25 degrees of latitude. 
These facts show how small a part of the volcanic history of these regions 
is represented by the existing volcanos. 

The works of Hauthal, previously cited, still remain our principal source 
of information, although the area they include only begins at lat. 22^^ S. 
The most important results obtained by this oV)server are : the scarcity or 
complete absence of volcanic mountains in the Patagonian cordillera, their 
almost exclusive occurrence in the principal cordillera, tlieir arrangement 
in series, often parallel to one another and the trend-lines of the Andes, and 
linally their most freejuent occurrence in those places where the mountains 
consist of parallel folds running north and south, as between lats. 22'~27° S., 
where also the rectilinear arrangement is most clearly seen. 

To this we maj- add that we as yet possess no evidence which might 
indicate a migration of. the volcanos, but on the other hand fault-troughs 
are known in the volcanic zone, as for example the trough of Antofagasta, 
mentioned by Hauthal, which is 150 kilometers long and only 5 to 8 kilo- 
meters l)road. 

We have already observed that andesites extend into the region of the 
eastern series, but no active volcanos : a few, such as the twin volcanos at 
Porna (Jujuy, Hauthal ’s no. 28), may stand wdthin the boundary, but they 
are not recorded as active. 

On the north, the western border of the Altaplanicie may be taken as 
marking tlie eastern boundary : but I can find no precise accounts of this 
boundary in its course further to the south ; tlie older stratified series of 
the east may sink normally beneath the Mesozoic series of the Cordillera 
de los Andes or it may be thrown down along a fracture, but in the absence 
of information vre cannot decide between these alternatives. A boundary 
between a thick Palaeozoic series and a Mesozoic scries which is without a 
Palaeozoic foundation occurs, as we know, in the Basin ranges near the 
117th meridian (I, p. 579). 

In the south, W. Schiller has travelled from the Pic de Palo (east of San 
Juan), whicli consists of pre-Cambrian and Palaeozoic rocks, towards the 
west across the lower Silurian Sierra del Tigreand thence into the Mesozoic 
region of mount Aconcagua. His account of mount Aconcagua has already 

^ 0. Nordenskjald, Krystallinische Gesteine der MagellansUinder, Wifisenschafbliche 
Ergebnisae der schwediachen Expedition nach den Magellanaliindern, 1901, I, pp. 175- 
240, in particular p. 202. # 
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been published^. From lettei*s written later I extract the following: 
Towards ’tbe boundary the structure is extremely complicated ; the Pic 
de Palo is overfolded towards the west; west of the Sierra del Tigre 
the Mesozoic quartz-porphyries come in. Further south the fault-trough of 
Uspallata marks the boundary. The Cordillera (not the Sierra) del Tigre, 
which is continued towards the south into mount Aconcagua, consists of 
quartz-porphyry; the Jurassic and Cretaceous beds which are superposed 
on its western side dip towards the west, and are cut off next the Espinacito 
pass by a great fault ; this fault is followed by the same series of rocks, 
from the quartz-porphyry upwards, similarly dipping towards the west. 
The volcanic rock has here caught up mighty fragments of Mesozoic forma- 
tions, and also gypsum, and carried them to a great height. Aconcagua is 
not a volcano, but an accumulation of Mesozoic rocks, and to the south of 
this great mountain (near the Penitentes) a great overthrust occurs in 
Mesozoic beds. 

Here the distinguished geologists who are occupied with this region 
find difficult problems confronting them. 

Towards the south the eastern Palaeozoic series completely disappears ; 
and the eastern chains of the Cordillera de los Andes are thrown into long 
open folds 

Not far from lat. SS'’ S. the Sierra Pintada leaves the border of the 
Cordillera, and strikes out to the south-east into the Pampas ; according to 
Wehrli it consists of dykes and long veins of porphyry and diabase which 
crop out from tuff and sandstone. This sierra is cut through by the Rio 
Diamante and the Atuel ; its southern extremity is 60 kilometers distant 
from the border of the principal range. A plain which narrows away like 
a wedge towards the north separates it from the border of the high moun- 
tains. In the United States this plain would probably be described as a 
Park. On entering the great range Burckhardt encountered a broad 
syncline striking north and south, which forms the outermost part of the 
east border of the mountains along the Atuel (lat. Sj*" S.) and the Rio 
Malarguti (lat. 35° 30' S.), but probably extends far beyond this. This syncline 

* W. Schiller, Geologische Untersuchung bei Puente del Inca (Aconcagua), N. J. f. Min., 
etc., 1907, Beilage-Band XXIV, pp. 710-736, map. 'J’he specimens which Fitzgerald 
brought back from the summit of Aconcagua are, according to Bonney, hornblende 
andesite ; Fitzgerald, The highest Andes, 8vo, London, 1899, p. 321. 

® G. Bodenbender, Terreno jura^sico y cretacico en los Andes Argentines entre el Rio 
Diamante y Rio Limay, Bob Acad. Cordoba, 1892, XIII, pp. 5 47, map ; Lange, Hauthal 
y WollF, Examen topografico yigeologico de los Departamentos de S. Carlos, S. Rafael, y Villa 
Beltran (Provincia de Mendoza), Rev. del Museo de La Plata, 1895, VII, pp. 13-93, maps ; 
C. Burckhardt, Profils geologiques transversaux de la Cordillere Argentine, Ann. Mus, de 
La Plata, 1900, fob, 136 pp., maps ; tor the stratigraphy of the Mesozoic foothills between 
lats. and 40° S. valuable information (based on Botlenbcnder's collections) is given by 
6. Behrendsen, Zur Geologie des Ost-Abbanges der argentinischen Cordillere, Zeitschf. 
deuisch. geob Ges., 1891, XLIII, pp. 369-420, and 1892, XLIV, pp. 1-42. 
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comprises, in conformable succession, the Mesozoic series from the lower 
Jurassic upwards, including the Senonian and the Danian. It ia overlain 
unconformably by lavas which are younger than the folding. ^ 

In this region the porphyrite conglomerates on the Rio Colorado become 
so extremely thick that they form the greater part of the valley slopes. 
Gypsum is intercalated with the Jurassic^. 

Between lats. SS"" and 39° S. Burckhardt is again our guide. The open 
folding, the porphyrite conglomerates, the gypsum and the recent lavas 
reappear here. The upper stages of the Cretaceous are not to be seen, but 
in the interior of the mountains a freshwater deposit occurs, believed to be 
Eocene ; it is true that it lies unconformably, but its bedding is disturbed. 
In this region the cordillera maintains its original direction, but the strike 
of the folds varies, probably owdng to the presence of large granite masses, 
and the whole cordillera is broken up into three branches by the insertion 
of two elongated plains. Burckhardt enumerates the following, taken in 
order from east to west : 1. The eastern zone, cropping out from the 
Pampas ; simple Mesozoic folds ; 2. The plateau de las Lajas ; gravel and 
recent lavas ; 3. The chain of Peiro Hachado, Mesozoic folds ; porphyry and 
porphyrite, recent volcanic cone ; 4. Plateau of the Aluvivne', recent lavas, 
beneath which granite is exposed ; 5. Eastern part of the chain of Lon- 
quimay, folded Jurassic, broken through by a more recent granite boss; 
6. Western part of the same chain, folded porphyrite conglomerates, and 
porphyrite, above them recent volcanos and lavas sloping away to the 
longitudinal valley of Chile. The structure of the margins of the inserted 
plains leads Burckhardt to the conclusion that they are sunken areas, and 
that a virgation of the Andes occurs here, produced by subsidences^. 
The occurrence of gypsum at a definite horizon in the Jurassic is itself an 
indication of local subsidence at an earlier period ; we shall recur later 
to this peculiar structure, which so strongly recalls that of the Basin 
ranges. 

In the east, near Roca on the Rio Negro (lat. 39° 5' S., long. 67° 30' W.), 
the Guaranitic stage, consisting of red sand and containing remains of 
Dinosaurs, may be seen beneath the general covering of younger forma- 
tions ; it forms the foundation of the plain. S. Roth has found lenticular 
marine intercalations in this sand, and Burckhardt has shown that its 
launa corresponds with tlie upper Senonian and Danian, the same upper- 
most horizons of the Cretaceous which have just been mentioned as 
occurring in the syncline of the Rio Malargiie (lat. 35® 30' S.). It is the 

• 

’ Wehrli, in the introduction to J3urckhardt, Profils geologiqiies, p. 7. 

* C. Burckhardt, Coupe geologique de la Cordillere entre las Lajas et Curucautin, Ann. 
del Museo de La Plata, 1900, 100 x>Pm maps, in particular pp. 64 and 65 ; for the strati- 
graphy of the whole ninge between lats. 33" and 39’ S., Beitrage zur Keuntniss der Jura-^ 
und Kreideformation der Cordilleren, Palaeontographica, 1903, L, 144 pp., maps. 
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same stage as that which was made known, about 32 degrees of latitude 
further north, by Derby and White, on the little river Maria Farinha 
north of Pernambuco (lat. 8" S.) ; its correspondence with the uppermost 
horizon of the Cretaceous of Ninnyur in India was recognized by 
Kossmat \ 

The Guaranitic sand with Dinosaurs is continued, according to Roth's 
observations, towards the west, and is visible on the lower Pichi Leufu 
(left tributary of the Limay, lat. 40® S., long. 70° W). A lower horizon is 
formed of grey quartzite. Still further towards the west, porphyry tuff 
occurs, and a tuff of vivid red and yellow colour gives its name to the 
Piedra Pintada. In this red tuffaceous sandstone, which passes below into 
marly limestone, Roth found marine Lias fossils and an intercalated bed 
with land-plants, which belong, according to Kurtz, to the flora of Rij- 
mahal (upper Gondwfina of India). 

The beds, which have hitherto lain horizontally, now present an 
increasing number of disturbances, and in the ravine of the neighbouring 
Sierra de la Angostura, w^hich is about 1,000 meters in height, gneiss and 
granite crop out^. Porphyries and granite, accompanied by recent volcanic 
rocks, follow and continue as far as the river Collon Cura. 

The Lias fossils of the Piedra Pintada are the most southerly pre- 
Cretaceous marine fossils so far known in Patagonia. Their occurrence 
outside the border of the great cordillera shows that the Mesozoic zone 
spreads out towards the east beneath the Patagonian plain ; the occurrence 
of gneiss and a land flora shows, however, that the foundation of this zone 
is already visible here, and the superposition of the land flora is probably 
just as autochthonous as in the Cordillera de la Costa. At the same time 
Archaean rock acquires an increased development in the high mountains. 

' Santiago Roth, Apuntes sobie la geologia y la paleontologia de los ten*itorios del 
Rio Negro y Neuquen, Rev. del Museo de La Plata, 1899, JX, pp. 141-196, map ; Burck- 
hardt, Le gisement snpercretace de Roca, op. cit., 1902, X, pp. 206-222 ; A. C. White, 
Contribution to the Palaeontology of Brazil, Arch. Mus. Nac., Rio de Janeiro, 1888, IX, 
273 pp. ; F. Kossmat, Bedeutung der siidindischen Krei deformation, Jahrb. k. k. geol. 
Rcichsanst, 1894, LIV, pp. 459-478, in particular p. 467. The description of the regions 
to the south of lat. 39° S. is based on the beautiful edition of Moreno’s map (1 : 1,500,000), 
which appeared as a supplement to L. Gallois, Les Andes de Patagonio, Ann. Geogr., 
1901, X. 

- Roth, Kurtz, et Burckhardt, Lias de la Piedra Pintada (Neuquen), Rev. del Museo de 
La Plata, 1902, X,pp. 225-250, map. According to Roth the gneiss would rest upon the 
Lias, but the observer states that he had no opportunity to make sure of this. This lie of 
the beds would indicate a coiujiderable movement towards the east. For the geographical 
position see H. Zapalowicz, Rio Negro-Gebiet in Patagonien ; Dcnkschr. k. Akad. Wiss. 
Wien, 1893, LX, pp. 531-564, map. According to the maps of the Padrdn Minero (An. 
Ministr. Agric., Secc. Geol., 1906, I, no. 3, maps) two rivers situated somewhat further 
south bear the name of Pichi Leufu. The same work mentions numerous dykes of gold- 
-bearing quartz in the district of Teca (Territory of Chubut, lats. 42° 45' and 43° 30' S., 
and longs. 70° 30' to 71° W.). 
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Our knowledge of the range, and indeed of the whole of Patagonia, has 
been greatly increased by the dispute between Chile and 'Argentina with 
respect to their boundary. 

On the partition of Patagonia the political boundary was determined 
in a manner which to some extent recalls the ancient disputes between the 
Russians and Chinese (III,p. 109), the unknown watershed of the Andes being 
adopted, on the supposition that this w^aterslied nearly coincided with the 
crest of the Andes. But this range, as is common in arctic regions, is cut across 
by eydes, so that south of lat, 41° S. the watershed is almost completely 
displaced towards the east side. The violence of the western storms, the 
heavy rainfall on the Pacific slope, and the considerable fall of many of 
these transverse valloyvS cause the rivei's, even at the present day, to cut 
their beds backwards, which is equivalent to a further displacement of the 
watershed towards the east, and many of the great lakes on the east side of 
the Andes have thus acquired an outflow towards the west in comparatively 
recent times. The reports of Steften on behalf of Chile and the extensive 
travels of Moreno and his colleagues on behalf of Argentina have not only 
led to the discovery of these facts, but have furnished an instructive, though 
still incomplete, survey of the Southern Andes \ 

In lats. 38°~39° S. the cordillera to the east of the longitudinal valley 
consists, as we have seen* of three folded zones, which are separated by two 
(lownthrown plains (fault-troughs) extending from north to south. In the 
western plain (Plateau of the Alumin^) granite occurs beneath volcanic 
coverings; the granite plateau, which Moreno mentions on the Pitchiri- 
Nahuel-Huapi (lat. 39° 35' S., left tributary of the Alumint^), is probably its 
continuation and only a little to the south of it, according to Hauthal, 
this range must possess considerable breadth towards the west; lake 
Huechu Lafqucn lies in it; the volcano of Lanin and others are seated on 
it. Beside the granite, a gneiss range ^ running north and south makes its 
appearance on lakes Lolog and Lacar (lat, 40° 10' S.). These ancient rocks 
also surround the •whole of the western side of the Nahuel-Huapi : the 
great Tronador (3,400 meters, lat. 41° 10' S.) is an extinct volcano on a 
granite base. 

Folded ranges of Mesozoic, however, are seen again to the east of the 

' From a number of works we will only mention : II. Steffen, Reisen in den Patago* 
nischen Anden, Verb. Ges. Ei-dk. Berlin, 1900, XXVTI, pp. 194-220, maps ; Tieisenotizen 
aus West Patagonien, Zeitschr. Ges. Erdk. Berlin, 1903, pp. 167-207; The Patagonian 
Cordillera and its main rivers between lats. 41® and 48® S., Geogr. Journ., 1900, XVI, 
pp. 14-38, maps ; F. P. Moreno, Apuntes preliminares sobre uffa excursion a los territories 
del Neuquen, Rio Negro, Chnbut y Santa Cruz, Rev. del Museo de La Plata, 1898, VIII, 
PP- 198-372, map ; Exploration in Patagonia, Geogr, Journ., 1899, XIV, pp. 241-269 and 
353-378, map. 

* F. P. Moreno, Geogr. Journ., 1899, XIV, p. 366. 

" Hauthal, in Moreno, Rev. del Museo de La Plata, 1898, VIH, p. 33S ct soq. 
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Cordillera. On the south-east border of the Nahuel-Huajn, n^r Panto 
Moreno, Wehrli observed a zone of quartz-porphyry and porphyrite extend- 
ing towards the south-east. It is followed on the east by coarse, breccia- 
like tuffs, and still further to the east by sandstone ;' then 'near San Carlos 
by a broad anticline of beds which, judging from their plant-remains, can- 
not be younger than the upper Cretaceous. Similar folds are visible on the 
east border of the cordillera even to the south of lat. 40** S., where they 
disappear beneath the lofty basalt mountains which accompany this 
eastern border^. 

The rocks of the south-eastern part of the Nahuel-Huapi are continued 
at least as far as the Rio Manso (lat. 41 40' S.) ; east of the river, towards 
the border of the cordillera, Moreno arrived at a Cretaceous chain, which 
reaches 7,000 feet, and observed peaks of a porphyritic rock 

The result of these observations is as follows ; — 

The ancient rocks of the Cordillera de la Costa proceed farther and 
further inland, always accompanied on the east by Mesozoic sediments; 
they are already visible in lat. 40° S., long. 70° W., covered, as in the north, 
by Mesozoic plant-bearing beds; and in lats. 38°-39° S. two long plains 
(fault-troughs) divide the Andes lengthwise, cast of the longitudinal 
valley. 

Porphyrites, with their variegated tuffs, occur at many localities. They 
may be traced into the Pampas, and far to the south, beneath the 
basalts which accompany the east border of the range, the porphyry boss 
of mount Kochaik (lat. 49° 6' S., long. 72° W.) is still visible Moreno • 
mentions a depression which strikes towards the south-east nearly parallel 
to the Rio Negro, and to the south of this a fairly extensive mountain-masd, 
the Balcheta (about lat. 40° 30'-40' S., and long. 66°-66° 30' W.), which rises 
to a height of 1,700 meters^. A porphyry has already been mentioned 
(I, p. 516) as occun ing to the south of the mouth of the Rio Negro in the 
Sierra San Antonio at the head of the gulf of San Matias (lat. 41° 40' S.). 
To the south of this locality porphyritic rocks are not infrequent. If we 


’ L. Wehrli, Rapport preliminaire sur mon expedition geologique dans la Cordillere 
argentine du 40’ et 41° lat. S. (Region du Nahuel-Huapi), Rev.. del Museo do La Plata, 
1899, IX, pp. 221-242, map. The isolated Cerro del Perro formed of Liparite or trachyte 
rises from the folds of the east border without any disturbance of the surrounding 
country. For the part which borders it on the west, see Steffen, Beitrilge zur Topographic 
und Geologic der andinen Region von Llanquihue, Festschrift ffir F. von Richthofen, 
large 8vo, Berlin, 1893, pp. 307-344, maps ; in this work also a petrographical description 
of the ancient rocks by PdMmann. 

'' Moreno, Geogr. Journ., 1899, XIV, p. 36S ; Steffen, ibid., p. 86, and Mesozoic traces 
near lat. 43''' 30'. 

’ Steffen, loc. cit, p. 263. 

^ * Steffen, Rev. del Museo de La Plata, VIIT, p. 302. Thus the commencement appears 
to lie not far from the Sierra de la Angostura and the Punta Pintada. 
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add to the fact? recorded by Darwin those observed by Scrivenor \ the 
case stands as follows ^ 

To the south of San Antonio (lat, 41° 40' S.) no outcrop is so far known 
ns far as TreleW^on the Igwer Chubut (lat. 43° 15' S.); there an acid 
eruptive rock crops out. Then, from lat. 44“ S. to the heights of the Tetas 
de Pinedo (lat. 45° 3' S.), porphyry, porphyrite, and porphyrite breccia 
occur at a number of places along the coast, as at St. Elena (lat. 44“ 35' S.) 
where a dyke of quartz-porphyrite, 11 kilometers in length, is exposed. 
Near Malespina (lat. 44“ 30' S.) on the Chico Chubut quartz-porphyry occurs 
and a closely folded por|)hyritic mass, the folds of which strike to the south- 
eiust. I think we may assume that these outcrops on the Chico Chubut 
and on the coast l>etween lats. 44“ and 45° S. arc outliers of the ridge 
vsdiich, according to Moreno, strikes from the north-north- west to lake 
Musters. The next locality known is Port Desire (Deseado ; lat. 47“ 50' S.), 
where Darwin mentions a ridge of claysteme porphyry and stratified breccia, 
134 meters in height, and extending at least 40 kilometers inland. 

Finally, eruptive rocks occur in Bird island (lat. 48° 56' S.). 

Sheets of porphyry pebbles, the Tehuekhe pebl)les, extend through 
many degrees of latitude. Sierniradzki and Scrivenor believe that they 
are derived from isolated masses of porphyry within the Pampas^. 

A general consideratioif of these facts, in particular the advance of the 
ancient rocks from the west into the interior, the local occuiTcnce of 
isolated Mesozoic ridges, and more especially the structure of the moun- 
tains wliich bound this region on the north and south, has led to the view 
(I, p. 516) that here the branches of the Andes diverge from one another 
towards the south and south-east in virgation. This opinion is not shared 

' C. Darwin, Geological observations on the volcanic islands and parts of South 
America, 2nd ed., 1876, p. 485 et passim ; J. B. Scrivenor, Notes on the Geology of Pata- 
f^onia, Quart. Journ. Geol. Soc., 1903, LIX, pp, 160 -179, map. 

* Darwin, Geological observations, &c., p. 219 ; J. von Sierniradzki, Zur Geologie von 
Nord-Patagonien, N. J. f. Min., 1893, I, pp. 22™32, in particular i>. 25 ; Scrivenor, Quart. 
'b)urn. Geol. Soc., 1903, LIX, p. 169. As early as 1892 Herr von Sierniradzki wrote 
nie as follows in a long and instructive letter: ‘ The Sierra Lihue-Cald (lat. 38^ S., long, 
tip W.) consists of five very short anticlines of red granite-porphyry striking to the south- 
east and separated from one another by broad synclinal valleys. The dry river-bed of 
the Cura-Co (which once connected the Rio Salado and Rio Colorado), the entrance to 
which is stopped up by sand-dunes near the lagoon of Urre-Laf(pien, is cut deep in red 
granite. The so-called Patagonian pebbles are not derived, as Darwin believed, from the 
remote cordillera, but from those local ranges which seem to form the whole foundation 
of the central Pampas, to the west of the confluence of the Cura-Cd with the Colorado. 
The whole range of Choique Mahuida which extends along tfie Cura-Co . . . must be 
referred here. We also cross small porphyry chains in the region between the upper 
Colorado and Rio Negro.* This region corresponds approximately to the north boundary 
of the porphyry pebbles. Sierniradzki did not share the view that the Andes separate 

virgtition, but believed that there was an independent and older folding with a south- 
easterly strike. 

80LLA8 IV Y : 
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by experienced Argentine explorers. The objection is raised that Roth 
observed gabbro on Lago Musters, also effusive rocks, probably quartz- 
porphyry and amygdaloidal rocks. None of these, however, have anything 
to do with the Jurassic porphyrites of the Andes, and all are younger than 
the lower Tertiary. Evidence in favour of a divergence of the cordilleras 
is not forthcoming, folding does not occur, only local disturbances pro- 
duced by eruptions ^ 

It may first be observed that the whole region presents, not the rock 
sequence of Brazil, nor that of the Argentine praecordilleras, but rather 
one approaching, through its numerous eruptive rocks, of whatever age 
these may be, that of the Western Andes; and from these mountains it is 
not separated by any sharp boundary, as is shown, for example, by the 
Sierra Pintada and the Pietra Pintada. 

Sierra th la Ventana. (I, p. 515.) The difference of opinion just 
mentioned extends also to the interpretation of the chains which terminate 
in the east near cape Corrientes and Bahia Blanca. No doubt exists with 
regard to the facts, especially after the detailed description by Hauthal and 
Schiller. 

A northern, less-elevated series of chains strikes towards the south-east 
from^ the other side of Olavarria through Tandil to cape Corrientes. 
Granite and gneiss crop out on the north side. These are covered uncon- 
formably by dolomite, quartzite, and sometimes dark limestone, which are 
not strongly folded, though traversed by faults. The quartzite contains 
fossils which are believed to be Arthrophye/m Harlani, Hall (upper limit 
of the lower Silurian of North America), 

Opposite to these chains in the soutli and separated from them by a 
plain about 150 kilometers wide, rises a second group diverging towards 
the south-east, and named from its highest part the Sierra de la Ventana 
(according to recent measurements 1,280 meters in height). To the south- 
west of the Sierra Ventana (F, fig. 36) ancient granite crops out; then, 
forming the highest part of the sierra, a quartzite precisely similar to 
that of the Sierra Tandil, but intensely overfolded from the south-west 
to the north-east. At the north foot of the Sierra de la Ventana the 
quartzite dips to the south and is underlain by clay slate; then on the 
slopes of the Sierra de Pillahuinco (D, fig. 36), which lies beyond this 
range, conglomerate makes its appearance, and then again clay slate, 

Hauthal regarded the northern (Tandil) group as an opposing buttress, 
and the southern (Ventana) chains as folded against it from the south-west. 
Schiller and Keidel ♦regarded F and C (fig. 36) as the two limbs of 
a syncline overfolded from south-west to north-east^. 

’ Keidel, Sitzb. k. Akad. Wise. Wien, 1907, CXVI, p. 650. 

* R. Hauthal, La Sierra de la Ventana, Rev. del Museo de La Plata, 1892, III, pp. 3-11 ; 
Laa Sierras entre Cabo Corrientes d Hinojo, op. cit., 1896, VII, pp. 477-490 j I. Bxcursidn 



SIERRA DE LA VENTANA 


483 


cii. xiii] 


Burmeiater believed that the sierras Tandil and de la yentana were 
members of an older mountain system; Hauthal and the observers who 
followed him maintain that they stand outside the complex of the Andes. 
Stelzner, on the contrary, regarded them as branches of the Andes. I believe 
that Stelzner's view is correct as regards the Sierra do la Ventana, but not 
as regards the Sierra Tandil. 

Near the mouth of the La Plata, on the island of Martin Garc ia, a basic, 
intrusive, and probably ancient rock crops out. In Buenos Ayres gneiss 
has been l)ored at a depth of 300 motel's These «are traces of the ancient 
Brazilian mass, and to 
this, forming part of the 
l»order, tlie Sierra Tandil 
liclongs. 

We regard tlie SieiTa 
tie la Ventana as part 
of the Palaeozoic series, 
which has been folded 
hy the advance of the 
Audine movement into 
the region of the fore- 
land. The direction of 
tlie foldings to the north- 
cast is that which the 
general eastward folding 
of tlie Argentine chains 

would lead us to expect Tmuis; I)., S. de PUlahuineo ; E., S. de Cuvumalal ; 

: , I , , rni • • Ventana. 

at this place, fins view 

also ficcords wdth what has been said regarding the structure of the cast 
coast of Patagonia, and relieves us from the necessity of assuming that 
the Sierra de la Ventana is an independent element within the otherwise 
uniform structure of South America. 

Patagonia, The broad plateaux of the plain increase in height 




Fio. 36. HVc/id lima of tkc i^ierra de Ui Ventana (after Hauthal). 
A., Sierra de Puaii ; B., S. de Bravard ; C., S. do las 
“ F., S. 


a la Sierra de la Ventana; II. Apuntes geoldgicos de las Sierras de Olavarria, Public, de 
la Univ. de La Plata, 1901, no. 1, pp. 1-30, map ; and Beitrilge zur Geologie der argenti- 
niseben Provinz Buenos- Ayres, Peterm. Mitth., 1904, pp. 83-92 and 112 -11 7, map (here 
a third line directed to the south- south-east, that of the Sierra del Chaco, west of the 
Sierra de la Ventana, is added to the virgation) ; Schiller, in Keidel, Sitzb. k. Akad. Wise. 

ien, 1907, CXVI, pp. 650-652 ; also J. Valentin, Rapido esti^io sobre las Sierras de 
ios Partidos de Olavarria y del Azul, Rev. del Museo de La Plata, 1894, VI, pp. 1-24. 
•1* von Siemiradzki mentions Devonian fossils from the north-westerly continuations of 
*be Sierra Tandil, but the statement has raised doubt ; Peterm. Mitth., 1893, pp. 49- 62^ 
map ; for a, divergent interpretation of the facts see Sievers, op. cit., Litterat.-Berichty 
^902, p. 78. 

Valentin, Bosquejo geoldgico, p. 12, has collected the data on ^his point. 

I i 2 
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towards the west. Basalt sheets and cones, extensive lakes, and mighty 
moraines accompany the eastern torders of the mountains. In their neigh- 
bourhood rather steeply inclined Cretaceous beds occur. At some distance 
from the mountains, Cretaceous and Tertiary lie flat. The Cretaceous also 
reaches the Atlantic coast, as, for example, near Port San Julian (lat. 49'' 
20' S.). 

At Roca, on the Rio Negro (lat. 39'" 5' S.), rod sand witli Dinosaurs, the 
Guarantian stage, and a marine deposit of upper Senonian or Danian make 
their appearance. On the upper Limay (lat. 40° S.), east of the Sierra 
Pintada, Roth found the same Dinosaurian mmh resting there on (piartzitic 
sandstone 

Much further to the south, east of lake Pueyrredon (lat. 47° 30' S.), 
Hatcher ol^served greensand with large oysters, above this conglomerati 
with fossil wood perforated hy marine boring shells, then the fossiliferous 
Belgrano-beds, the fauna of which, according to Stanton, is not younger 
than Gault. The Trigonia recall those of Uitenhage 

On the Cerro Belgrano porphyry-tuff underlies the Cretaceous. 

On the Mayer river (lat. 48° 15' to 48° 30' S.) wo meet with the Dinosaiu 
sands of the north. A clear idea of the region between the Ligo Argentino 
and the Seno de la Ultima Esperanza (lat. 50° 10' to 5U 55' S.) is given by 
Hauthafs geological map and the description by Wilckens. The higli 
mountains are covered with glaciers and unexplored. 0]\ the oast they 
are joined liy a zone which consists of quartz-sandstone, ami above this 
thick l>eds of a compressed splintery clay-slate containing Algae like 
those of the Flysch, and also numerous Inoceraimis, Pacbydiscus, arul 
Cardifister. After wdiat has l)een stated previously with regard to the East 
Alpine Flysch and the Yakutat series in Alaska, the recurrence of this 
facies at such remote points' must arouse surprise. Wilckens terms this 
horizon the stage of hvoceramufs Ste/tnvian id ; Paulcke believ(.‘s it is of 
Senonian, probably upper Senonian age. Above it follow marine beds, and 
others which, from the similarity of their plant-remains, are correlated by 
Kurtz with the Dakota stage, Imt referred by Wilckens to the upper 
Senonian. The stage of LaldlUa Luime contains Baculites, and likewise 
belongs to the upper Senonian 

^ S. Koth, Rev. del Museo de La Plata, X, p. 231. 

* J. B. Hatcher, Geology of South Patagonia, Am. Journ. Sci., 1897, 4th ser., 
pp. 327-354 ; and Sedimentary Rocks of South Patagonia, op. cit., 1900, 4th ser., IX, 
pp. 85-108, map ; also Report of the Princeton University Expedition to Patagoniu, 
1896-1899, ed, by W. Scott, I, Marine cretaceous Invertebrates, by T. W, Stanton, 4to, 
Stuttgart, 1901, 43 pp. 

* R. Hauthal, in F. Kurtz, Contribution a la Paleophytologie Argentine, III, Rev. del 
Museo de La Plata, 1899, X, pp. 43-61 ; 0. Wilckens, Die Lamellibranchen, Gastropodeur 
etc., der Oberen Kreide Sud-Patagoniens, Ber. nat. Ges. Freiburg i. B., 1906, XV, pp- 
156 ; W. Paulcke,, Die Cephalopoden der Oberen Kreide Siid-Patagoniens, op. 
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The beds described as Neocornian in Brunswick peninsuU (mount Tam 
near Port Famine, lat. 53° 30' S.) also belong to the border of the mountains. 
The problematical species Helicoceras fmyense comes from some place further 
inland ; Dana gives Nassau bay as its locality (I, p. 526) \ 

As in the prairies of North America, so on the outer border of these 
liigh mountains, recent granite bosses, resembling laccolites, protrude here 
and there. Hauthal mentions several examples, in particular the Cerro 
Payne (lat. 50° 55' S., long. 73° W., 2,500 meters), surrounded, as with a 
mantle, by Cretaceous beds, into which it sends off apophyses. (Jhalten 
(Fitzroy, lat. 49° 15' S., long. 70° W.) is also a granite laccolite ; like 
Cerro Payne, it was originally regarded as a volcano The Cretaceous 
]iiarls appear to have played the same part with regard to these intrusions 
as in Front of the liocky mountains. 

The subfli vision of the Tertiary beds cannot be discussed here. On 
tlio Mayer river, according to Hatcher, inclined marine beds of Tertiary age 
ivst against liorizontal freshwater beds of the same age In Tierra del 
Fuego, Otto Nordenskjold observed near lake Holier (lat. 64° 25' S., 
long, 67° 45' W.) vertical beds, probably Tertiary, in the northern foothills 
of the cordillera ; they prol)ably strike away to the extreme point of cape 
Han Diejjo^ on the strait pf Le Maire. For details we must nder to the 
i.'umpreliensive w’ork of Wilckens on this subject *. 

In the plain extending from Rio Negro to Terra del Fuego volcanic 
fonnations occur over a considerable area and offer a marked contrast to the 
lofty cones of the Andes. These are broad plateaux of basaltic lavas wdiich 
when poured out must have been very fluid. A map showing their dis- 
Irilmtion lias been published by Hauthal; according to his description the 
tlows issued quietly from fissures, which though sometimes scarcely a meter 
in breadth extend foi’ many miles. Here and there craters may be seen, 
5md these often stand in closely crowded groups, as, for example, on the 
lower course of the Rio Gallego. As a rule the cones are only a few 
hundred meters in height®. 

1906, XV, pp. 167-244, and, in particular, 0. Wilckens, Erlauterung zu R. Hauthal’s 
tJeologische Ski-zze des Gebirges zwischen dem Lago Argentine und dem Seno de la 
hUiina Esperanza, tom. cit, pp. 75-96, map. 

’ From islands in Magellan strait, C. A. White describes some upper Cretaceous fossils 
in Proc. U.S. Nat. Mus„ 1890, XIII, pp, 13, 14. 

^ Hauthal, Ueber patagonischen Tertiar, etc., Zeitschr. deutsch. geol. Gcs., 1898, L, 
pp. 436-440 ; and Ber. IX. Intern. Congr. Wien, 1904, pp. 649-656. 

® Hatcher, Geology of South Patagonia, Am. Journ. Sci., 1897, 4th ser,, IV, p. 338. 

^ ' 0. Nordenskjold, Geological Map of the Magellan Teri4iories, Wissenschaftliche 
Ergebnisse der schwedischen Expedition nach den Magellansliindern, 1899, I, no. 3, 
pp. 81-85. The assumption of Tertiary age is based in this case on petrographical 
correspondence.- 0. Wilckens, Die Meeresablagerungcn der Kreide und Tertiar-Porma- 
tion in Patagonien, N. J. f. Min., Beilage-Band XXI, 1905, pp. 98-195, nnip. 

R. Hauthal, Distribucidn d^ los centres volcanicos, Rev, del Museo de La Plata, 
1903, 16 pp., map. 
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In the neighbourhood of the Andes, between lats. 40° 16' and 41° 
these floMTS attain a very remarkable thickness ; the cones rise here, as 
an independent meridional series, in front of the Andes, wdth which they 
are connected by a volcanic plateau. Wehrli terms them * a sort of Prae- 
Andes ' 

This arrangement is repeated Ijetween lats. 47° and 48° S. ; the heights 
here are still more considerable (Cerro Zeballos, 2,670 meters). The basaltic* 
nature of these volcanos is not completely established. 

We will now leave the border of the mountains and turn our attention 
to the mountains themselves. 

The ancient rocks of the Cordillera de la Costa have already been 
described, though far from continuousl3s down to about lat. 46° 80' S., and 
we have stated (I, p. 526) that according to Darwin and Steinmann a zone 
of slate and sandstone extending along the east side of the mountains 
reaches Brunswick peninsula, Admiraltj- sound, and finally Le Maire strait. 

This is the course of the great trend-line, concave towards the north; 
which repeats the curves of the Sierra Madro of Mexico 

Our knowledge of the most southerly part of these mountains has been 
couwsiderably increased l)j^ Lovisato's report on the Italian expedition undei* 
Lieutenant Bove (1882) '^, tlien b}^ Hjwles, whej accompanied the Frencli 
Mission to Cape Horn (1882-3) and finalJj^ hy the Swedish expedition 
under Otto Nordenskjold. We owc^ to the last-named a geological map. 


^ Wehrli, Rev. del Museo de La Plata, IX, p. 239. 

* King’s excellent description gives Obstniction bay (lat. 52^ 10' to 52” 30') 
the end of the Cordillera de los Andes; H. Steffen (Verb. Ges. Erdk. Berlin, 1900. 
p. 212) regards the fact that the elongated ranges terminate in Chiloe as an argu- 
ment against the connexion of the Patagonian Andes with the Coast chain, 
O. Nordenskjold (Geological Map of the Magellan 'rerritories, p. 25), on the other 
hand, thinks that the western part of Magellan strait along with Admiralty sound and 
lake Fagnano may be regarded as the continuation of the longitudinal valley of Chile 
which begins more than 25 degrees of latitude to the north of lake Fagnano. Fonck, who 
is one of those best acquainted with this countiy, regards the peaks of Sarmiento and 
Darwin to the south of this line as representing the coast cordilleni as opposed to the 
principal cordillera, which is becoming extinct (see his Introduccidn a la Orografia y 
Geologia de la Region Austral de S, America, Entr. I, 8vo, Valparaiso, 1893, 98 pp., in 
particular pp. 60 and 61). Fonck gives reasons and quotes older authorities in support 
of the view that cape Froward (758 meters, lat. 53” 55' S.) is to be considered as the 
termination of the South American continent and of the principal cordillera (Cordillera 
de los Andes) (Examen cn'tico de la obra d. sen. perito argentin. F. P. Moreno, 
Valparaiso, 1902, 146 pp.^maps, in i>articu1ar p. 49). 

® D. Lovisato, Una escursione geologica nella Patagonia e nella Terra del Fuoco, 
Boll. Soc. geogr. Hal., 1883, XX, pp. 333-347 and 420-443, aho pp. 31-35 and 11+120, 
maps. 

* Mia.sion scientilique du Cap Horn, 1882 -1883, t. IV: GeoIogie,par le Dr. Hyados, 3vo, 
Paris, 1887, 242 pp,, maps. This work also contain;a the description of the rock# 
collected by Lovisato. 
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c^^ering the region from the south up to lat. 50° S. ^ If we add to these 
works the earlier accounts, especially those of King and Darwin, we obtain 
tlie following result : — 

In Staten idand (about 72 kilometers in length) sandstone, quartzite, 
and clay slate predominate, with a strike to east, or east with a little north. 
At cape Conway, about the middle of the north coast, some fossils were found 
in the clay slate which were at first regarded as Palaeozoic. Steinmann, 
however, has found fragments of Inoceramus in the same specimens, and 
regards the clay slate of cape Conway as the continuation of the Cretaceous 
rocks of mount Tarn on the mainland. At the same time Steinmann 
observed much secondary mica, and recognized a resemblance to the 
Bundner schist ; it would thus seem as if dynamic action had produced its 
effects in the sediments of Staten island \ 

Proceeding inland from cape Conway, we reach the peak of mount 
Sebastian Cabot, which consists of hornblende schist. Both the Cretaceous 
clay slate and the hornblende schist are continued across Le Maire strait. 

Schists of diverse kinds, but in particular hornblende schists, form the 
greater part of the mountiiins from this point onwards as far as Brunswick 
ii!id Otway water, i.e. for a distance of 500 to 600 kilometers. The same 
rocks probably penetrate much more deeply into the structure of the 
niountains to the west of the upper course of the river Gallegos. Horn- 
lilonde scliist predominates in Beagle canal, and forms the high mountains 
as far as mount Sarmiento, then parts of Clarence and Dawson island, cape 
Proward, and other points. On the north side of the island of Hoste the 
rock passes into hornblende gneiss ; in other places quartz-schist with garnets 
was found, also porphyritic felspar schist, chlorite schist, and at two places 
aiidalusite schist. All these schists are accompanied in the north by the 
Cretaceous zone of mount Tarn, Some foraminifera found by Ilyades in 
the roofing-slate of the island of Button, which lies to the south (west cotist 
of Navarin, Ponsonby bay), are doubtful. All the older schists have been 
subjected to pressure 

T'o tlie south and west of this range a long, and, as we may infer from 

^ 0. NordenBkj<)ld, Geological map of the Magellan Territories, Wissenschaftliche 
Firgebnisse der schwedischen Expedition nacb den Magellanslandern, 1899, 1, no. 3. 

* 0. Steinmann, Das Alter der Schieferformation im Feuerlande, Centi-albl. fiir Min., 
1908, pp. 193, 194. 

® Boss mentions close-grained greenstone and hornblende rock in Heimite island, V 07 , 
South. Seas, II, p. 287 ; syenitic greenstone on a basis of granite* according to McCormick, 
op. cit., p. 418. Steffen has also observed granitic rocks in Baker fjord (Estero Calen, 
lats. 47° 50' to 48° 15' S.) ; whether they belong to the same range I am not in a position 
to decide. Here, too, black schist follows in the direction of the eastern mountain 
border; Der Baker-Fjord in West-Patagonien, Peterm. Mittb., 1904, pp. 140-144, map. 
Ilyades states that there is a Jbransition from hornblende granite into horneblende 
schist. 
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Nordenskjold^ map, but little interrupted zone of a comparatively recent 
granitic rock extends from the extreme south far to the north. It begins 
at cape Horn and Hermite island and is met with again on many islands 
along the south and w^est coast. The rock is also known in Trinidad canal 
(lat. 50° S.) ; and it resembles so closely the granodiorite of the Andes and 
western North America that Nordenskjold expressed the belief that a great 
granite range extends along the Pacific coast of Patagonia, like that which 
occurs, for example, in Alaska 

Andesite rocks are mentioned only at a few points (e.g. in the midst of 
Beagle canal). The neighbourhood of Nassau bay forms an exception. 
Andesites, andesite tufls and breccias, columnar basalt and labradorite, occur 
in Hardy peninsula and the islands lying off it to the east, south of Navarin 
and north of Grevy. They mark the position of later eruptions. In the 
north of the island of Gr^vy. Hyades observed comparatively small basaltic 
cones, one of which appears in HauthaVs list of volcanos as mount Oreille 
(213 meters, lat. 55° 33' S.). 

Mount Oreille is separated by no less than 12 degrees of latitude from 
the most southerly volcano so far known, but the range is still to a great 
extent unexplored ; small mountains of this kind may easily pass unnoticed, 
and andesite rocks indeed are known to occur her^> and there. Mount Oreille 
lies at a spot where a divergence from the general direction of the strike is 
indicated, proceeding from Hardy peninsula through the Wollaston islands 
towards cape Horn. It is precisely here, in Nassau bay, that two l)ranche» 
appear to separate, one of them striking through Staten island towards 
east, and finally even to east and a little north, the other through cape Horn 
towards the south-east. It is true that the latter is only indicated by the 
position of the island.s, and in the island of Grevy, just beneath mount 
Oreille, amphibolites still occur Thus, it remains uncertain whethei’ 
a coulisse really branches oft* here. In support of this supposition we may 
mention that Andersson came upon a strongly-folded series with marine 
shells and driftwood in Tekenika sound, at the western extremity of Nassau 
bay, w'here the divergence appears to take place. Helicoceras fuegense 
also comes from the neighbourhood of Tekenika 

Second advance, Bellinghausen, after a visit to the south Sandwich 
islands in 1819, during which he witnessed a volcanic eruption in Sawa- 
dowskij, the most northerly of these islands, wrote as follows : — ‘ ITio 
Sandwich islands and the Traversey islands appear to form the summits 

^ O. Nordenslgald, Die^kryatallinischen Gesteine der Magellansltlnder, WiflBenschaft- 
liche Ergebnisse, etc., 1901, 1, p. 193 et pasgim. 

® Near cape Hall, Mission scientifique du Cap Horn, 1882-1883, t. IV ; Geologic, pai' 
Dr. Hyades, p. 173. 

G. Andersson, Geogi*. Joum., 1904, p. 215. Dana says, half-way between Orange 
harbour and the head of Nassau bay in clay slate ; Dana, in C. Wilkes, U.S. Explor. 
Expedition, 1849, X, pp. 604, 720. 
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of a mountain ridge which is connected through Clerk s reef with south 
Georgia, and from there on by the Aurora reef with the Falkland islands ' b 

The existence of the Aurora reef has since been found to be extremely 
(loubtful, but the notion that there is some connexion l)etwcen Patagonia 
and the Antarctic ranges has been frequently held, and was expresvsed by 
Barrow, for instance, in 1831 

As early as 1886, H. Reiter, in a remarkable memoir, propounded the 
theory that the contrast hettveen the Atlantic and Pacific regions is mani- 
fested even in these southern regions. The arc-like structure of Graham 
laud, the South Shetland and South Orkney islands, and the Patagonian arc 
curved in the opposite direction were marked, with their trend-lines, on 
a map which enables us t(j recognize the peculiarly harmonious relations of 
the two arcs.(II, p. 204) 

In 1895 Petersen thought it prol)able that the volcanos of the southern 
regions just mentioned represented the continuation of a series of Patagonian 
volcanos bent round to the south-east ^ 

In the same year Arctowski drew a continuous arcuate trend-line from 
Staten island through the south Orkney islands towards Gi’aham Land, and 
propounded the hypothesis — not, he thinks, too bold — that the Amies are to 
he seen again in Oraharn LamV. 

This view has been accepted by almost all modem investigators, including 
in particular J, Gunnar Andersson, who has contributed so much to our 
knowledge of these regions 

In a detailed examination of this question, we must first mark off the 
Falkland islands, which have been described on an earlier page (I, p. 527) 
as an alien and flivergent fragment of folded Palaeozoic beds. The Devonian 
of these islands is wholly unknown in the western Andes, and accords com- 
pletely with that of Matte Grosso and the Bolivian Andes. Darwin says 
they are formed of steeply inclined clay slates and sandstones, presenting on 
the ciist an east and-west strike, further west a strike to west-north-west, 
and still further west to the north At cape Meredith, the most southerly 

' R Lowe, Bellinghausen’s Reise nacb der Sitdsee und Entdeckungen im sudlichen 
Kismoer, Erman’s Arch. f. wiss. Kunde v. Kussland, 1842, 11, pp- 125-174, in particular 
p. 137. 

J. Barrow, Note in Joum. Geogr. Soc., 1830-1831, 1, p. 62. 

® H. Reiter, Die Biidpolarfrage, Habilitations-Schrift, 8vo, Weimar, 1886, 34 pp., map. 

^ J. Petersen, Reisen des ^ Jason’ und der ‘Heitha’ in das anUrktische Meer, 
1893-1894, Mitth. geogr. Ges. Hamburg (for 1891-1892), Heft II, 1895, 61 pp., map, in 
jjarticular p. 31. 

^ * H. Arctowski, Observations sur Pint^ret que prosente liiexploiution g6ologique des 
lerres Australes, Bull. Soc. geol. France, 1895, 3® ser., XX III, pp. 589-591. 

” J.G. Andersson, On the Geology of Graham Land, Bull. Geol. Inst. Upsala, 1906, VII, 
pp. 19-71, maps ; also Wilckens, Zur Geologic der SOdpolarliinder, Centralbl. fOr Min., 
pp. 173-180. 

^ C, Darwin, Geological Observations on the Volcanic Islands and part of South 
America, 2nd ed., 1876, pp. 440, 441. # 
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part of West Falkland, the Devonian, according to Andersson, rests directly 
upon gneiss. These observations seem to indicate an arc of Devonian open 
towai^ds the north-east. Added to this, Arber and Nathorst have been able 
to sliow that traces of tlie South African Glossopteris flora are present 
among the plant-remains brought home by Andersson from the little Speed- 
well island (south of East Falkland), and Halle has subsequently found 
Glossopteris at numerous localities in East Falkland b According to 
information which Herr Nathorst has kindly communicated to me by 
letter, Halle has discovered beneath this horizon the glacial Talchir 
conglomerate. 

The Falkland islands are thus a fragment of an ancient continent, 
comparable with Brazil and South Africa, and at the same time completely 
different from the Cordillera de los Andes, as well as from the east coast of 
Patagonia, south of the Sien*a de la Ventana. so far as this coast is at 
present known. 

Bvmlvjood Bank stretches out, some liundred kilometers long, from 
Staten island. It is not broad, and runs iirst to east-nortli-east, then to 
east, and finally, with a slight bend, to south-east. From the way it lies 
it might easily l)e taken for a continuation of Staten island. In lat. 54'* 18' S., 
long. 60'’ W,, not far from the spot at which the Admiralty charts mark 
Burdwood Rock as a ‘ danger the younger Ross sounded in - 44 meters 
a narrow ridge of volcanic rock, stretching from east to west, and descend - 
ing rapidly towards the north and south; further east, in lat. 54' 41' S., 
long. 55^* 12' W., he came on black sand an<l volcanic rocks at — 489 meters. 
Moreno observes that in South Patagonia blocks of liasaltic lava, and in 
their neighbourhood ashes also, possibly derived from submarine eruptions, 
have been observed on the Atlantic coast 

It has been OvSeertained that the direction of cape Horn departs from 
that of Staten island in Nas.sau bay, wliere also tlie volcanic mount 
Oreille is situated. 

Diego Ramirez is said to consist perhaps of diorite ; anotlier account 
mentions porphyry lavas The isolated Shag roch (lat. 53° 49' S., long. 
43® 26' W.) do not lie on the continuation of Burdwood bank, but to the 

^ J. G. Andersson, Antarctica expedition arbeten pS, Falklandstiame och Eldslandet 190‘2r 
Ymer, 1902, XXII, pp. 515 528 ; Contribution to the Geuio^^y of the Falkland Isles, Wiss. 
Ergeb. Schwed. Slid- Polar-Expedition (Nordenskjold), 1907, Bd. Ill, 2, 38 pp., maps, in 
particular p, 13 ; A. G. Nathorst, Phyllotlieca-Keate aus den Falkland-lnseln, Bull. Geol. 
Inst. Upsala, 1906, Vll, pp.J2-76 ; and Geol. Foren. Stockh. FOrh., 1908, XXX, pp. 202 
204. Arber, who has traced the same flora in Argentina as far as lat. 40®, recognized 
this resemblance. 

* J. C. Ross, Voyage of Discoveiy and Research in the Southern and Antarctic Regions, 
8vo, 1847, II, pp. 281, 315 ; Moreno, Geogr. Journ., 1899, XIV, pp. 253, 369. 

' * Hyades has collected the reports ; Miision scientif^ue du Cap Horn, 1882-1883. 
t. IV, pp. 8 and 15. • 
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north-east of it, and must belong to another coulisse. The Swedish expedi- 
tion of 1903 approached them, but they still remain untrodden by the foot 
of man \ 

South Georgia has been described by Th'drach as a fragment of a chain, 
2,000 meters in height, steep and violently folded. Phyllite gneiss, clay 
slate and quartzite, diabase and schalstein, have been observed. They strike 
to the north-west in the direction of the island, and this, as well as its 
outline and position, renders the island so similar to the fragments of the 
cordillera of the Antilles that Flicker has compared it with Puerto Rico 
and Haiti. Andersson a collections contained, according to O. Nordenskjold, 
piiyllite, porphyritic rocks (probably tuffs), and porpliyrites altered by 
pressure. 

South Georgia does not lie in the continuation of Burdwood bank ; an 
arcuate connexion througli the Shag rocks w'^ould seem far more proliabh^ 

No recent information on the South Samhvich islamls is at my disposal ; 
Cook and Bellinghauson imagined from the form of the islands that tln^y 
were of a volcanic nature ; as regards Sawadowski j this has been shown to 
1)0 the case, but there is no direct evidence as regards the other islands^. 
Certainly the impresvsiou produced by the map given by Dumont dTTrville 
does not in the least suggest that of great and lofty fragments of cordilleras, 
cut through by f jords. On a long arc, slightly bent towards the east, 
islands of fairly equal size rise at intervals, also nearly ecpial, somewhat 
after the fashion of the Antilles, between Montserrat and St. Vincent. 
The island of Ljeskow alone stands out of line. In the South Orkneys 
(some of them over 1,600 meters in height) Piric has found groywacke, 
(]uartzite, conglomerate, and black slate. In the eastern part of the group, 
near cape Dundas, the slate has furnished a graptolite and traces of 
Phyllocarides (Graptolite island). The beds are folded and strike to north- 
west or north-north-west. Pirie also conjectures that we have here a frag- 
ment of considerable folded range wdiich may have connected Patagonia 
with Graham I^and. Bruce s map of Laurie island shoAvs long peninsulas 
running at right angles to the direction of the island ; they lie probably in 
the strike 

' Anderason, Ymer, 1902, p. 410 ; 0. Norden«kj6ld, Petrographische Untersuchuug aua 
dem westlichen antarktischen Gebiete, Bull. Geol. Tnst. Upsala. 1905, VI, pp. 2B4-246, 
^a-P, in particular p. 245. 

* H. Thiirach, Geognostische Beach reibuug der Insel Siid-Georgien, Ergeb. d. deutsch. 
Polar-Exped., 1882, II, 7, 58 pp. ; K. Fricker, Antarktis, Biblipthek dor Landeskunde von 
Kirchhoff iind Fitzner, 1, 1898, p. 110; Andersson, Antarctics vintcrexpedition till Syd- 
Georgien, Yiner, 1902, XXII, pp. 409-421. 

* F. V. Bellinghauaen’s Forschungsfahrten im siidlichen Eismeer, 1819-1821; baaed 
ou the original Russian work published by the Verein fiir Erdkunde in Dresden (l»y 
B. Gravelius), 8vo, 1902, p. 57 at seq. (also Lowe, see note 1, p. 489). 

' J. H. Pirie, Note on the Geology of the South Orkneys, Sco^ Gcogr. Mag., 1904, XX, 
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These data do not seem to accord with tlie general plan, which we are 
about to discuss. Nevertheless Andersson believes that some connexion 
with the South Shetland group may possibly exist. At the most easterly 
extremity of this group a bend to the east-south -east is actually visible 

Let us now approach the larger masses of land in the south. 

This region extends in an arc slightly convex to the north-west through 
more than 7 dcfirrees of latitude towards the south-south-west, and in this 
direction it also increases in breadth. The whole country is covered with 
snow and ice, with tlie exception of those tracts \vhich are excessively steep 
and a few isolated active volcanos. Very long stretches of coast are 
unapproachable on account of the bordering ice, but so different are the 
outlines of the cordilleras, cut through by fjords and eydes, from those of 
the isolated conical volcanos that many conjectures made in advance 
of actual observation have since been confirmed. The existence of two 
distinct ranges of volcanos as supposed by H. Reiter is a case in point. 

The Houth Shetland islands are a lofty, narrow rocky range, concerning 
which I have only a few data, but they arc generally reganled as a frag- 
ment of the cordillera. Nordenskjold reports gi-eenisli porphyrite from 
Nelson i.slan<l. Larsen’s description of the passage between Greenwich 
island and Livingston island suggests the presence of sheets of columnar 
basiilt. Geikie mentions thick flows of bastilt both in the South Shetland^ 
and in Graham Land, similar to those of Greenland and the Faeroes South- 
east of tins chain lie volcanos. The lofty conical island of Clarence is 
believed to be a volcano. Bridgman island has been observed in eruption, 
Deceptio'ib island is a single gigantic crater ; its oval basin, filled by the sea, 
measures, according to Kendars map, more than 11 kilometers in length 
and 5-6 kilometers in breadth Hoseason island has also been supposed 
to be of volcanic origin. 

All these points lie in the direction of Bransfield strait, and south-east 
of this strait lie the most extensive traces of Antarctic mountain chains. 
It is possible that the mountains already commence in Wedell island, others 
extend across the islands of Joinville and Dundee to Louie PMlijrjpe Land, 

pp. 130, 131 ; On the Graptolite-bearing Rocks of the South Orkneys, Proc. Roy. Soc. 
Edinburgh, 1905, XXV, pj). 463-470 ; and Bruce, Outline Map of Laurie Island, Scot. 
Geogr. Mag,, June, 1905. 

‘ J. G. Andersson, Geology of Graham Land, Bull. Geol. Inst. Upsala, 1906, VIl, p. 32. 

J. Petersen, Reisen des ‘Jason*, Mitth. geogr. Ges. Hamburg, Heft II, 1895, p. 24; 
A. Geikie, Proc. Roy. Soc., 1898, LXII, p.448. It is not clear why Miers has conjectured 
the presence of hornblendsi schist in the most northerly part of South Shetland, Phih 
Journ. Edinb., 1820, III, p. 379, 

’ Kendal, Journ. Geogr. Soc., ISSO-^lSSl, I, pp. 62- 66, map. Webster describes altcv' 
nating layers of ash and ice as well as the appearance of hot vapour on the strand near 
Ehbe ; Voyage to the South Atlantic Ocean, 8vo, 1834, 1, pp. 144-165, and II, pp- 
*306. Kendal and Webster took part in the voyage ofithe Chantideer under Captain 
Foster’s leadership Fostf r was drowned on the return journey in Chagres river. 
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which, as we now know, is connected through Daneo Land and Foyn^s Land 
with Graham Land, and represents the north-eastern exlrernity of this 
elongated mountain tract. - 

Captain Robertson has brought back granite from Dundee island, and 
a pebble of red jasper with radiolaria^. Of particular interest is Antarctic 
strait between Joinville and Louis Philippe Lind. J. G. Andersson passed 
eight months on the west shore of Hope bay and made a geological map of 
the coast. Hero O. Nordonskjold has described the reappearance of the 
Andine group of granodiorites of southernmost Patagonia, and Nathorst 
has describe<l a Jurassic flora, situated in lat. 15' S., which resembles 
that of Europe and the East Indies, and reveals no climatic difference as 
compared, say, with that of Yorkshire. Freshwater ferns also occur here 
(Sagenopteris). Above lie light-coloured volcanic tuffs. The moraines 
reveal the presence of quartz-diorite, gabbro, and augitc porphyrite 

The islands which lie off the east coast between hits. 63” 30' and 64 ’ 30' S. 
are formed, in contrast to the mountainous Louis Philippe Land, of a .sedi- 
mentary [)lateau, upon which recent volcanos are seated. According to 
Nordenskjold and Andersson these islands include the great liost^ island, 
with mount Ha/ldi vfjton (2,150 meters), to the north of it Vega, then to the 
south-(ai8t of Ross, on the other side of Admiralty sound, the Seymour and 
Snov^ Hill islands, and in the sound itself the little Cockburn and Lockyer 
ishinds. Mount Haddington rises, according to Ross, in three great volcanic 
t(;iTac(*s. All around, the flat-lying sediments crop out from l)eneath the 
lavas, and form the whole of Seymour island, and probably of Snow Hill 
also. They contain marine shells of Senonian age (in particular Holcodiscus) ; 
Weller points out their affinity with the Indian Arialur stage and the 
Senonian of Magellan strait. Kilian arrives at similar results and suggests 
that the Indian an<l Atlantic faunas are connected in the south, thu.s 
agreeing with Kossmat, and also with Paulcke and Wilckens’\ 

Laj sen and Donald long ago brought back Tertiary shells from Seymour 
island ; Sharman and Newton consider that it is of Eocene age ; as like- 
wise does Wimaii, ndio described the vertebrae of, Zeiiglodont.s and a 
rtiinarkable variety of bird-remains, resembling those of penguins, which 
had been obtained in the island 

' A. Oeikie, Notes on some Specimens of Rocks from the Antarctic Regions, with 
Petrographical Notes by J. J. H.Teall, Proc. Roy. Soc. Edinburgh, 1897-1898, pp. 60-70. 

* 0. Nordenskjold and G. Andersson, The Swedish Antarctic Expedition, Geogr. Journ., 
1904, XXItl, pp. 207-220, map; 0. Nordenskjold, Petrographische Untersuchung au.s 
dem westlichen antarktischen Gebiete, Bull. Geol. Inst. Upsala, 1905, VI, pp. 234-246, 
aiap ; A. C. Nathorst Sur la flore fossile des regions antarctiques, C. R. Acad. Sci. Paris, 
9 juin 1904. 

* Stuart Weller, The Stokes Collection of Antarctic Fossils, Journ. Geol. Chicago, 1903, 

^I, pp. 413-410 ; W. Kilian, Sur une faune d* Ammonites neocretacees recueilUe par 
1 Expedition antarctique suedoise, C. R. Acad. Sci. Paris, 29 janv. 1906. i 

* Donald, Geogr. Journ., ISSlS, II, p. 438; and A, Geikie, Ann. Rep. Geol. Surv. for the 
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The conical mountain Percy, in Joinville island (1,128 meters), is sup- 
posed to be of* volcanic origin; Paulet island (south-east of Dundee) is 
a crater with olivine basalt^. CocMmrn island in Admiralty sound is 
probably a volcano, but recent sediments with Pecten are known to occur 
on it: mount Haddington also is regarded by Nordenskjold as a great 
crater-bearing volcano. Ghristemen has been ascended by Larsen ; this 
island is a volcano, its rocks, according to Petersen, are felspar basalt. 
Lhidenherg was in eruption when Larsen saw it ; the little Mobhen islaTids 
are likewise regarded as volcanic ^ 

This volcanic zone lies to the east of Graham Land, which, as shown in 
so striking a manner by its outlines, is a repetition of the Patagonian 
Andes. The expedition of Charcot brouglit back from Gerlache strait, that 
is from the west side of Graham Land between lat. 64” 5' to 65° 5' S., only 
granite, quartz-diorite, and volcanic rocks 

These data are, on the whole, very scanty, yet several important 
conclusions may be drawn from them. 

Aiidersson mentions three reasons in support of Barrow’s earlier conjec- 
tures and Reiter’s more comprehensive views on the relations of Graham 
Land to South America. 1. The outline and orography of the southernmost 
part of South America and of Graham Land resemble each other so closely 
that one continent may be said to be the reflection of the other. 2. The 
geological structure is strictly symmetrical. 3. The succession of the 
marine upper Cretaceous and Tertiary beds is the same in Patagonia and 
in Graham Land ; in particular, the upper Cretaceous horizon of Labillia. 
Luisa is repeated in the two regions. 

Passing to details, we may extend our comparisons as follows : — 

year 1893, p. 273 ; G. Sbanaan and E. T. Newton, Notes on some additional Fossils 
collected at Seymour Island, Graham’s Land, by Dr. Donald and Captain Larsen, Proc. 
Roy. Soc. Edinb., 1897-1898, pp. 58-61 ; C. Wiman, VorlJiufige Mittheiliing iiber die 
alttertiareu Vertebraten dor Seymour-Insel, Bull, Geol. Inst. Upsala, 1905, VI, pp. 247- 
252. 

> Robertson, in Geikie, Proc. Roy. Soc. Edinb., 1897-1898, p. 66. 

* Petersen, Reisen des ‘Jason’, etc., Mitth. geogr. Ges. Hamburg, Ueft II, 1895, 
pp. 18 and 31 ; Friedrichsen, op. cit., p. 59. 

* E. Gourdon, C. R. Acad. Sci. Paris, 11 dec. 1905, 16 juillet 1906, maps, in La G^ogra- 
phie, 1906, p. 245 et seq. Unfortunately the principal work did not reach me until 
the first sheets were already printed. We may mention as an important point that 
granite allied to monzonite and quartz-diorite form a considerable part of the west. The 
latter in particular prevails almost universally from Hoseason (lat. 63"^ 45' S.) to a point 
south of the island of Lund (lat. 66** 25' S.), and probably forms the greater part of 
Palmer archipelago, the islaftds of Wiencke and Wandel, and the coast of Graham Land. 
Gourdon concludes from this that the dioritic rocks of Alaska, California, and the Andes 
are allied (Expedition Antarctique Fran 9 ai 8 e [1903-1905] commandee par le Dr. Charcot), 
B. Gourdon, G^ographie physique, Qlaciologie, Petrographic, 4‘5 Paris, 1908, in particular 
pp. 149, 152, 204. This is the so-called gmnodiorite girdle which is continued in a long 
cicatrice through the Intermediate range towards the extreme south. 
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(a) The Falkland islands present the same succession of rocks as the 
Argentine and Brazil ; whether they most resemble Brazil or the prae- 
cordilleras of the Argentine can only be determined when we know whether 
the Gondwfina beds are also folded. The succession is certainly not that of 
the Cordillera de los Andes. 

(b) Towards the interior of Patagonia is the upper Cretaceoas and 
Tertiary plain. This corresponds to Snov) HUl and Seymour island in 
the south. 

((*) The volcanos of the Ross {froup (Paulet, Haddington, Christensen, 
and others) may be compared with those situated in front of the Andes, in 
particular between lats. 47"" and 48*" S. (Cerro Colorado, mount Belgrano and 
others), which fui*ther north have been termed the prae-Andes. 

(d) In the north of Graham Land two principal features of the western 
Andes make their appearance, namely, the diversified eruptive rocks of the 
Andes and a Mesozoic land flora. In lats. 27'' 15' S. (la Ternera) and 40'" S. 
(Piedra Pintada) the flora is that of the Lias ; here it is middle Jurassic. 

(e) No connexion can be shown to exist between the widely remote 
volcanic indications of Burdwood hank, the volcanic arc of the South 
Sandxmvh islands, and the Bransfield volcanos (Bridgman, Deception, and 
others). The resemblance between the South Sandwich islands and the 
volcanos of the Leaser Antilles has often been remarked upon. 

Existing observations scarcely permit us to carry comparisons further. 
It must not be overlooked that Staten island and cape Horn do not present 
a completely concordant strike, and that mount Oreille may mark perhaps 
the beginning of a new volcanic arc, resembling the South Sandwich islands 
more closely than Burdwood bank. Arctowski marks — 4,040 meters a little 
to the south of Staten island. The connexion of the other groups, such as 
South Georgia, the Soutli Orkneys and South Shetland islands, must remain 
an open question. 

Bruce’s deep-sea cliart represents all the islands mentioned above, along 
with Patagonia and Graham Land, as standing on a common arcuate ridge, 
and all enclosed by the curve of — 1,500 fathoms (2,743 meters); while 
deeper water enters the interior of the arc from the west, and extends 
even to the north of the South Orkneys, where —4,219 meters has been 
sounded. Similar depths extend to a point south of Staten island. It had 
already occurred to Grange that the South Shetland islands and the smaller 
islands as far as Elephant island form part of a common mountain range, 
running parallel to the curve of Graham Land. This is confirmed by the 
deep-sea chart, according to which the South Orkneys, along with the 
whole of Graham Land, are also included by the curve of 1,000 fathoms*. 

’ W. J. Bruce, Bathymetric Survey of the South Atlantic Ocean and Wedell Sea, Scot, 
eogr. Mag., August, 1905, XXI, pp. 402-412, map ; J. Grange, Voyage au Pdle Sud 
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Immediately to the e^ist of the South Sandwich islands no soundings 
have been made. We might, perhaps, expect to find a foredeep there 
similar to that which occurs outside a part of the Antilles. 

AVe may now regard it as established that in the interval we have just 
discussed /Ac st nuiiire advances for the second time into the A tlantic 

region. On the south-east, towards Coats Lfuid, we may conjecture the 
existence of a foreland occupying a similar tectonic position to Brasilia. 

Summary, AVe liave stated on an earlier page (II, p. 204) that, with the 
exception of the coast of Guatemala whore it wheels round to the Antilles, 
all the boundary regions of the Pacific, known in any detail, are folded in 
the direction of that Ocean. This was in accordance with the observations 
which had l)een made up to that time. We now know, liowever, that 
the case which was then heUl to be exct^ptional must now l>e regarded 
rather as the rule. 

In the north the Elias range is folded in tht* Pacific direction ; this 
is still true of the northern part of the Sierra Nevada of California, and 
certain parts of the Basin ranges. 

As so<m iis we reach the Californian coast ranges nothing similar 
is to be seen. In the Alexicaii sierras the fohling is clearly directe<l towards 
tlie Atlantic Ocean, and this is also the case furtlier south, wherever it 
is clearly expressed, especially in the Andes of Argentina. 

Rigid down into the Antarctic regions the mountain ranges lying next 
the Pacific coast ai'c characterized by a trifling rlevelopmont of the Palaeo- 
zoic series. Cpper Carloniferous alone occurs at certain places in the 
Andes ; it is only from the promontories of V'enezuela and the South 
Orkneys tliat Silurian f< ‘ssils have been obtained. Tliis, it is true, is a nega- 
tive character, which may be brushed aside l)y future discoveries, but it is 
certain that in Mexico, Honduras, Chile, and the antarctic Andes, plant-bearing 
beds, ranging from the Keuper to the middh* Jurassic, occur in these chains, 
and show that they formed dry land during a part of the Mesozoic aera. 

It is not till we pass to the east of those chains in South America tliat 
the long zone of marine Mesozoic hods, recalling the Intermediate range of 
North America, makes its appearance, and with it the zone of the giant 
volcanos ; to the east of these lies the Palaeozoic series of the Altaplanicic, 
the Cordillera Real, and the Bolivian and Argentine Andes, in which, 
upwards from the Goiidwana stage, and in places from the Culm, only 
plant-bearing beds are known as far as the upper Cretaceous transgression. 

AVe might now speak of txvo grouj^s of Antilles, and place the northeni 
Antilles beside the soul^hem (South Sandwich Islands), with Patagonia and 
Graham Land repeating the structure of Guatemala and of Colombia- 
Venezuela. These two groups of Antilles, and in particular the northern 

^sous le commandeinent tie M. J. Dumont d’Urville, (leologie, Min^»ralogie et G($ograpln^ 
pbyfiicaie, 2 vols.,.8vo, Paris, 1848''1854, 1, p. 40. • 



WESTEKN FOREDEEPS 


497 


CH. XIIlJ 


group, clearly present some of the tectonic characters of the Asiatic island- 
festoons, and we are tempted to regard the Andes as an imperfect repetition 
of the Asiatic plan ; the foreland between these two groups of Ar/tilles 
(Argentine, Brazil), overwhelmed in an easterly direction, might have been 
the cause of this defective development. 

Two objections may be raised to this assumption. 

The first of these lies in the structure of the chains situated further to 
the west, which correspond rather to a continent of Trias and Jurassic 
times, since marine upper Cretaceous lies unconformably superposed upon 
their west coast, as in Quiri(iuina, for example. 

Further, considerable depths exist along a great part of the west side, 
which we might be inclined to regard as foredeeps situated, in contrast to 
all Asiatic foi'cdeeps, on the west side of a rang<> folded towards the east. 

Agassiz has given a very clear description of these rlepths. 

Even far to the north, where the mean depth of the Ocean is about 
^.OOO fathoms (3,658 meters), we ol)scrve near the west coast of America 
isolated pits of greater depth, as for example in hit. 20° N. —4,380 meters, 
near Manzanilla —5,120 meters, near Acapulco —5,341 meters, to the w^est, 
off the coast of Guatemala, —4,572 meters. Then the depths decrease in 
the direction of the broad plateau which rises into Cocos island and the 
Ofilapagos. In the south the depths I'ecur near the west coast. Off Callao 
they already reacli —5,869 meters, further south —6,867, then —6,542 
meters, and the U.S. ship Relay observed between Antofagasta and t'opiapo 
an elongated depression with —7,626, —7,635 and —7,507 meters. Even 
oH’ Valparaiso the deptli still reaches —5,651 meters’. 

1\) tlie west of these abysses lie the two ancient volcanic islands of 
S;i,ii Felix and San Ambrosio ; to the south of those the Chilian cruiser 
Presklenie Pinto sounde<i sucli trifling depths for a distance of 760 kilo- 
meters that the existence of a submarine ridge running almost nortli and 
south in the direction of Juan Fernandez seems to be indicated 

It may sufBce for the present to have mentioned these facts, which are 
not in accordance w ith those observed in connexion w ith Asia. 

Since Victoria Land, with the Terror volcano, Aucklaml, and the south 
of Now Zealand are assigned to the Atlantic region (IV, p. 294), it seems as 
though the boundary betw^een the Atlantic aiul Pacific systems struck 
across the Antarctic just as it does across the Arctic region 

‘ A. Agassiz, Report on the Scientific Results of tho Expedition to the East Tropical 
I’acifie, Mem. Mus. Comp. Zool. Harvard Coll., 190C, XXXIT 1, pi. 1. These deeps form the 
ir*ost important part of Van de Wielo’s ‘ Bassin Preaiulin ’ ; Vaii do Wielo, La Mediter- 
mnoe dcs Antilles ct le lilassin Preandin consideres ooinme regions d’aftaisseiuent, Bull. 

gool. Beige, lOOfi, XX, ratSni., pp. 83-161, map. 

home doubts have been expressed with rejr*n*d to this result ; of. Supan, Peterm. 
^lh;th., 1899, p. 183. 

On this point Gregory, in Natlire, April 25, 1901, p. 611, and April 16, 1908, p. 561. 

«0LLA8 1T • 
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CHAPTER XIV 
ANALYSES 

Analysis of the plan. Linking and syntaxis. Significance of the foredeeps. Folding. 
Backfolding and disappearance of the folds in the Asiatic structure. Analysis of the 
arcs. Analysis of certain transverse sections. 

Analysis of the The series of details we have cited is very lon^, 

and yet it is full of gaps. 

One of the great(?st ranges of the earth, that of New Guinea, is very 
little known. With regard to the principal range of the Oceanides, to 
which it belongs, connected observations are lacking to such an extent that 
conflicting statements exist even as to the direction of the folds, and it is 
not certain whether Timor belongs to the range or not. It is particular!}' 
to be regretted that notwithstanding the pi*aiseworthy efforts of many 
investigators the structure of the South American Andes still diverges in 
many respects, not yet explained, from that of other chains. This and 
very many other questions must be left to future investigation. 

On the other hand there are many extensive regions in which the 
fundamental features of the structure are well known. Definite units 
may be distinguished. Comparisons become possible. Contrasts and corre- 
spondences appeal'. We will now make an attempt to define some of tliosc 
units. We wdll finst enumerate them — although they differ in kind and 
are of unequal value-according to their arrangement in space. 

1. Tlie western half of Laurentia is bounded by the Rocky mountains, 
the Appalachians and the United Stotes cliain ; it also includes Greenland, 
possibly the whole of the North Atlantic field of fracture, upon which stand 
the islands of Iceland and Jan Mayen, and even the western Hebrides and 
some of the western promontories of Scotland. Wherever Cambrian beds 
occur, they lie horizontal. Younger folding is entirely absent, except on 
the Mackenzie, on the right side of which the foreland (Devonian and 
middle Cretaceous, extreme western border of the Canadian shield) has 
been overwhelmed by the folds of the Rocky mountains and thrown into 
long coulisses. 

The entire marine* Mesozoic series is absent up to the transgression of 
the middle and upper Cretaceous. Marine Tertiaiy beds are confined to 
the neighbourhood of the Atlantic Ocean. 

In the south, the Colorado Plateau and a small area in Burnet County 
above Austin ^Texas) must be refen*ed here, * 
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2. The Caledonides, a pre-Devonian folded range, striking towards the 
south -south -west, may he regarded for the present as forming the eastern 
l)oiiii<lary of Ijaurentia. Traces of it arc possibly to be seen even in 
northern Spitzbergen. It occupies the west of the Scandinavian peninsula, 
then the Shetland and Orkney islands, Scotland, almost the whole of Wales, 
and a very considerable part of Ireland. It lies between the supposed 
Laiirentian gneisses of the western Hebrides in the west and the Baltic 
sliield in the east, and according to existing data its folds are overturned 
and overthrust in the cast towards the east, and in the west towards the 
\v(%st. They form a uniform zone, but not a uniform mountain chain. 

3. The Asiatic (or Eurasiatic) system. The boundaries of this system, 
which encircles the globe, are defined by a number of folded arcs; free- 
hvanching folds extend l)cyond the arcs. It includes the following parts 
of northern and western North America: the United States chain, the 
Rocky mountains, the Elias mountains, and the Alaskides. It claims 
almost th(? whole of Asia along with the eastern island festoons as far 
iiH the Bonin islands and as far as the foredeeps of Palau and the 
Talauer islands, the Burman arc and all the mountain ranges which 
are sharply defined towards the soutli from the mouth of the Ganges 
to th(.' western extremity of the Great Atlas. The whole of Europe 
helongs to it, with the exception of the Caledonidos and the supposed 
Lanrentian portion of north-western Scotland. One long free branch 
ixtouds across the Atlantic Ocean and forms Newfoundland and the 
Ajjpalachians. It dies away in T(^xas and Oklahoma. Thus Laurentia is 
surrounded by tlie Asiatic folds. In north-east Siberia (most clearly on the 
upper Annabar and Olenek), and also on the right tril)utaries of the 
Chatanga, this great folded structure with its numerous arcs surrounds 
u gneiss I'cgion across which a horizontal Cambrian covering i.s spread. 
This region, therefore, has not shared in the folding movements. It 
♦‘xtends on the cast to the Lena, on the w'^est to the Yenisei, and on the 
south into the amphitheatre of Irkutsk. It is probably continued beneath 
die recent alluvial land of West Siberia. We have named it Angai'a 
luiuL 

In addition, great not-folded regions occur between the Asiatic folds, 

g. in northern China, in Cambodia, and Borneo. Here, too, we refer the 
Ihissian platform and the Baltic shield. 

In Europe the AltaidcKS, which are pre-Pennian branches of this structure, 
distinguished by a remarkable peculiarity; they have sunk in over 
largo areas and determined the origin of posthumous chains within the 
Iraine. These are : (a) the Alpides (from the Balkans to the Balearic 
islos); folds of Provencal and the Pyrenees; (c) the folds of 

die I^iidon and Paris basin ; (d) some smaller disturbances in western 

f'<>Hugal. 
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The Caledonides, which seem to be inserted between the remains of 
Laurentia and the western part of the Asiatic structure, date, as we have 
seen, from the pre-Devonian period. Thus, even at this remote time, the 
two largest elements of the northern hemisphere, Laurentia and Angara land, 
were already welded together. Indeed the Devonian continent of Eria 
extends across both. 

The Tethys extends throughout the southern part of the Asiatic 
structure. 

4. Tlie Bohemian mass is an independent, alien and very ancient frag- 
ment ; it includes the south of Bohemia, parts of Bavaria, upper and lower 
Austria and Moivxvia. 

5. Goiuhvdna land. This comprises : South America from the Andes 
to the east coast between tlie Orinoco and cape Corrientes, the Falkland 
islands, Africa from tlie southern offshoots of the Great Atlas to the Cape 
mountains, also Syria, Arabia, Madagascar, the Indian peninsula, and 
Ceylon. Hero, as in Laurentia, there is no i-ecent folding, except on the 
extreme w(\stern Ixmler. Just as the folding on the Mackenzie extends 
from tlie west, out of the Rocky Mountains, into the stratified series of tlie 
otherwise rigid Laiirentian foreland, so the folding of the Amies likewise 
extends from the west into the stratified series of,Bolivia and the Argentine, 
that is, parts of the otherwise rigid Gondwana land. 

As in Laurentia, so again here, the marine Mesozoic series is almost 
entirely absent up to the middle Cretaceous transgression. The latter 
covers with its horizontal plateaux great parts of the Sahara, Syria, and 
Arabia, and thus renders the north of Gondwdria land different in appearance 
from the south. 

The t^aharidesy a zone of folds striking towards the south or south- 
south-west, extend in considerable breadth from Tidikelt to South 
Dahomey, that is betxveen lats. 19“ to 20'’ N. and right through the midst 
of the Sahara. 

This zone is older than the horizontallj'’ transgressive upper Silurian 
and consequently older than the Calcdonidos. Nevertheless there seems 
reason to believe that it may represent a tectonic delimitation of ancient 
date, similar to that of the Caledonides: nor must the fact be overlooked 
that in the north-w'est of Scotland, the typical region of the Caledonides, a 
considerable gap exists between the folded Cambrian beds and the unfolde<l 
Devonian, so that the gi'cater age of the Saharides can only be deduced 
from other regions. Africa is cut through by long fissures upon which 
active volcanos are seated. The Cameroon line runs nearly north-east; 
the lines more t^j the east are meridional or sub-meridional ; one of them is 
continued through the Red sea and the Dead sea far to the north. 

6. The Gape range consists of three fragments, the foreland of which 
is formed on three sides by the Karoo. These fragments are : in the west 
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the Cedar range, in the soutli the Zwarte range, in the east the Pondo 
range, which is represented by only a few and little-known remains. The 
Cape range represents a large folded system, resembling in many refepects 
the Asiatic structure, and now submerged beneath the waters of the south 
Atlantic and south In<lian oceans. 

7. Aiidmliu and the Ocean ides. The present state of our knowledge, 
which leaves much to be desired as regards the islands, is best in accord 
with the vie\v that Australia, w'^hich is folded ofily on its eastern border, 
1}ut also bears several Mesozoic transgi-cssions, might occupy a position 
somewhat similar to that of north-eastern Angara land. At the same time 
it is surrounded on the north and east by folded arcs, which extend to the 
Carolines, Raroia, and prol)ably to Hawaii. It is possible that the insertion 
of these arcs begins with Soemba, Kotti, and Timor, and that they mark at 
the same time tlie line of separation tetween Ai^stralia and the Asiatic 
.system. 

It is not wholly improbable that in the peninsula of Bern, New Guinea, 
and in some of the Sunda islands, a narrow strip of comparatively ancient 
land projects l»ctween tlie folds of Asia and Oceania. While consideraWe 
parts of the Oceanic arcs are without doubt recent folded ranges, it is 
uncertain whether tlie islapds of Yap and Viti Lovu should be regarded as 
such or as older formations. 

H, The Andine sydeni rises from the sea on the west coast of America 
In^tween hits. 42' and N., borders this coast and extends beyond it at 
least to lat. 68” S. Its folds penetrate, as we have seen, into the western 
part of Gondwaiia land, and they advance to the north and south of it far 
into the x\tlantic region. This is the origin of tlie northern and southern 
AntillcvS. 

The Tniermediate range, whicli forms the transition, and is charac- 
terized by a greater diversity of Mesozoic sediments, by long folds, fault- 
troughs anvl recent volcanos, advances in the north from the Alaskides in a 
trough-like subsidence near the Wrangell group, extends as a broad zone 
through the west of Canada, forms tlie Basin ranges (which include a closed 
diainage system), lies in front of the most northerly range of the Andes, is 
po.ssibly interrupted in west Arizona, reappears in Mexico, and reaches the 
Atlantic coast, where it covers a wide area. The cordilleras, which represent 
the Intennediate range in Mexico, can scarcely be distinguislied tectonically 
b’om the Sierra Madi’e del Sur, the principal range of the Andine system. 

In South America the Cordillera de los And^s itself assumes the 
characters of an intermediate range in those regions of Bolivia and 
A^^geiitirui which are known iii greatest detail. Here, too, Mesozoic 
^^arine beds, recent volcanos, and long fault-trouglis occur. 

Graham Land is a repetition of Patagonia and must be assigned to the 
Andine system. * . 
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9. Antarci/.8, that is Victoria Land and Wilkes Land as far as the Gauss 
mountains, and on the other side Coats Land, are probably continuations of 
South Victoria. The volcanos which occur there — the Terror series — seem 
to be comparable with the volcanic scries of Africa. 

A glance at these nine units of such unequal value shows us that it is 
only in the Pacific region that the outlines of the continents and islands 
throw some liglit on the arrangement of the trend-lines. If the Atlantic 
region as it existed during, say, the Permian period, could be restored to oiir 
view, we should see a mountain chain striking across the existing Ocean 
from Armorica to Newfoundlaml. To the nortli of this chain we should 
still see perhaps the Brian foreland. Europe itself, especially the Iberian 
peninsula, would extend further towards the west, and the Cape mountains 
would possibly extend far into the region Avhich is at present covered by 
the Ocean. But all this has disappeared. On none of the Atlantic or 
Indian coasts (with the exception of the Antilles) is any mountain-inaking 
activity now to be found. In the Pacific Ocean it is widely <listributcd. 
Thi^ is the esseMial difference hetrceen the AtUmtie and Pacific of ihe 
globe. Of the nine units, two, Liurcntia and Gondwana land, are well 
known, they possess many characters in common, and may bo recognized 
by the absence of any post-Cambrian folding (with the possible exception 
of the Saharidcs, and of the encroachment of 3^)ung<ir folding on the 
Mixckenzic and in Bolivia and Argentina) as parts of tlio earth which 
had become rigid early. It is probable that Antarctis occupies a similar 
position. If so, then the Atlantic half of the globe would present a northci'n, 
an eijuatorial, and a southeni region of ancient rigefaction. 

The Ca’edoriides, the t^ape mountains, and the Andino system arc folded 
fragments of various age. 

The Asiatic system is a folded structure which has been greatly chocked 
in its development l)y the rigid forelands of Liurentia and Gondwana land. 
At the same time, how'cver, this system itself encloses a pre-Cambrian 
plateau, i.e. Angara land. It seems likely that Australia stands in a 
similar relationship to the Oceanides, but here, as we have seen, observations 
are wanting, in particular as regards the principal chain, that of New 
Guinea. For these reasons our attention is directed first to the vast Asiatic 
system when considering the relations between the fold(?d regions and tliosc 
which last became rigid. 

Linking and Syntaonn (pi. IV), The frequently recurring arcuate 
form of the rnountaip chains is the most striking feature of the Asiatic 
system. The manner in which the arcs encounter each other is twofold, 
either they enter into syntaxis, or one arc cuts across the direction of the 
other. We have termed this second case intersection (e.g. Ill, p. ST'o); 
llichthofeu has employed the term linkroff (Kettung), which we shall adoi)fc. 

Kichthofen regarded linking (in contrast to syntaxis) as a characteristic 



LINKING AND SYNTAXIS 


503 


CH. XIV] 

feature of eastern Asia, and has discussed this question with his customary 
power in a series of memoirs \ 

We now know that linkings have not all the same significance, and that 
both linking and syntaxis are present in the island-festoons. Tlie islands 
from Kamchatka to the Kuriles strike in linking across the direction of 
the AUiskides, Hokkaido across that of the Kuriles, and so on, while the 
Alaskides enter into syntaxis towards the east, and so on. 

We must now attempt to distinguish between the different kinds of 
linking, and to determine what it is that gives rise in one place to linking, 
in another to syntaxis. 

The Carpathians strike across the direction of the Sudetes and the 
Sandoinir mountains. Both the latter are of greater age, and there is no 
doubt that they dip beneath the Carpathian arc. This is linking by over- 
whelming. 

The westcu’n side of the Himalaya enters into syntaxis with the Iranian 
folds, whereas in the east the Burman direction cuts across that of the 
Hiindlaya; hero too, on the Brahmaputra, linking sets in. The situation, 
however, is not the same as in the Carpathians. If we term the chain 
which maintains its direction unchanged the dominant chain, then in the 
first case the dominant (Carpathians) is the younger, in the second case 
it is the old<?r chain. Here Assam, an alien wedge-shaped fragment, is 
inserted, Maclarcn states that in about lat. 95® 45' E. tlfe Himalaya 
encounters the Miju chains striking transversely to the south-south-cast ; 
they are the older and form part of the Burman arc. Again, near Tezpur, 
in about long. 92® 45' E., crystalline rocks crop out at the bottom of the 
valley of the Brahmaputra, between the Himalaya in the north-west and 
i\n) Patkai mountains in the south-ejist. Both ranges, the Himalaya and 
Patkai, are accompanied by a l)elt of Gondwana and Tertiary beds over- 
turned in the <lirection of the Brahmaputra The older Miju chains were 
iirst on the spot ; conseciiiently here the Himalaya ends. The advancing 
strike of the Patkai mountains probably indicates a sulxsequent welling- 
tortli of the Burman fold. It is certain that movements have occurred 
fluring a long period on both sides ; this is shown by the overfolded 
Sewalik beds. For the present, however, wo will bear in mind that the 
Miju chains wore the first on the spot. 

The asphalt pavement of our streets not infrequently presents fissures 

a peculiar kind, and also a series of arcs. If the curbstone sinks, these 
l)ent backwards from it (pi. IV, fig. 1) ; if the middle part sinks and 
Ihc curbstone retains its position, they are turned ^towards it (fig. 2). In 

' F. von Kichthofen, Sitzb. k. Akad. Wiss. Berlin, 1900, pp. 888 -925 ; 1901, pp. 782 - 
w. ; 1902, pp. 944-975, map ; and 1903, pp. 867- 918. 

Maclaren, Rec. Geol. Surv. India, 1904, XXXI, pp. 179 232, map ; and 1905, XXXII, 
p. 150. • 
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both cases the tension produced by subsidence is resolved into arcs, not 
of the same but often of similar magnitude. The fissure arises in or near 
the middle (gf, fig. 1) and then elongates itself towards the two sides. If it 
meets at the same time with a neighbouring fissure, as for example at the 
point a in fig. 7, then the trend-line of a syntaxis is produced ; if it stops, or 
if its stalling point was not in the middle of the asphalt (6), then linking takes 
place ((’). If fig, 2 were a map, w’e should say that there Avas syntaxis in 
the north, and linking furtlier south, and in every case the northern Avould 
be the dominant arc. 

If after some lapse of time we again visit the same spot in the asphalt 
we sometimes find that the continued tension has affected the whole of the 
broken line /, a, e, and that any faint continuations which may exist on 
the inner side of a have not been subjected to this further dragging. In 
addition, secondary fissures frc(|uently arise within the arcs. At last the 
asphalt becomes broken up and useless. 

Three arcuate and concentric elements occur in the Asiatic island 
festoons, namely, the foredeeps, the folded chains (cordilleras), and tlio 
volcanic lines. The last-named are particularly adapted for comparison. 

A hook-shaped fracture or fissure accompanies the hook-shaped bend of 
the strike in the syntaxis of Kaioo Port (IV, p. 288). In the Aleution 
islands a similar fissure has developed, under continued tension, into tlie 
fault-trough of Cook inlet ; the fault-trough bends with the synt4ixi.s, and 
near the place at which the bend is made {a, fig. 2) stands the Wrangell 
group of volcanos. Other arcuate fragments have also become fault- 
troughs by the same process — for example, the Fusiyama- Bonin line in the 
Fossa inagna — and in the same way fault-troughs are formed in the strike 
of the great volcanic line which starts from the Ho-shue-shan and follows 
the Burman trend-line through 31 degrees of latitude, to the volcanos of 
Java and beyond b 

That the volcanic arcs actually stand upon fivssures is also evident from 
the fact that they are able to cross over into the arcs of an alien cordillern. 
Thus the arc of the Kuriles cuts across the cordillera of Hidaka in 
Hokkaido, and, while here the intersection is only continued to the volcano 
of Optateshike (III, p. 140, fig. 7), the map of the Japanese survey continues 
it to the west coast of Hokkaido. Another example is afibrded by the 
caldron-fracture of Kago-shirna bay, the volcano of Sakura and others, 
which mark the entrance of the Liu-Kiu line into the cordillera of south 
Kiu-Shiu. Here, however, transverse folds of Tertiary age also occur. 

The long fissures of faults which cut through Korea in a virgation open 
towards the south, form the greater part of the east coast, and convert 

^ W. Volz, Zur Geologic von Sumatra; Koken, Geologische und paliiontologische 
♦ Abhandlungen, 1904, new ser., VI, 112 pp., mapa; also Vorlaufiger Bericht, in Sitzh- 1^* 
Akad. Wise. Berlin, 1907, pp. 27-140. 
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the south into a rias coast, are possibly disjunctive lines which belong to 
Liu-Kiu. 

This throws some light on the fact that in Mindanao the volcanos stand 
principally on lines of depression (III, p. 247) and not on the cordilleras. 

We shall soon see, liowevcr, that in spite of many points of resemblance 
comparison with the fissures in the asphalt must be made with some 
reserve. For the present only conclude that linking arises cither when 
an older chain is overwhelmed (Sudetes), whereby the younger chain (Car- 
pathians) becomes the dominant, or else when the chain which first reached 
the point of encounter maintains its position as dominant, this case being the 
most frequent in the island-groups of Asia. The Aleutian islands afford an 
example in which linking with the dominant (Kamcliatka) has not yet 
been attained. 

Si<jmjicancc of the foredeepH, Let us refer to w’^hat has already been 
said on pp. 294 and 328. With the exception of a depression of over 
7,000 meters, near the middle of the Atlantic Ocean, of almost unknown 
outline, which owu’ng to its position can scarcely l)e termed a foredeep, 
and wdth the exception of the long depression bordering parts of the 
west coast of America, the significance of which cannot be discussed here, 
all tlie foredeeps lie either close in front of the Asiatic arcs, or within 
the Oceanides. The foredeeps of the northern Antilles occupy a position 
•similar to that of the forodeeps of Asia, and we mirst include them, as 
w(.‘. have seen, among the Pacific structures. From analogy we may con- 
clude tliat a similar foredcop will one day be discovered outside the South 
Sandwich island.s. 

I'he subsidences of the asphalt pavement take place on the concave side 
of each of the several arcuate fragments. During the process of draining 
the quick.sand l>eneath the towni of Brux the subsidence began on the 
peripheiy, and w^as continued towards the interior. On renewed drainage 
subsidence began outside the area which liad already sunk and narrowed 
away towards the interior. A .similar process seems to have occurred in the 
north-west of Iceland (IV, p. 265, fig. 23), and may also be assumed here. 

At the beginning of these studies attention was drawn to the analogy 
which exists between the North Pacific Ocean and the Indian peninsula, 
and the comparison may be extended to the Karoo. Folded mountains 
advance on three sides ; the fourth side is open. On one side are Kam- 
ehatka, the Aleutian islands, and the Elias range ; on the second the Sind 
chains, Himalaya, and tlie chains of Arakan ; on the third the three Cape 
ranges. The Indian peninsula is a foreland, the Karoo also, and we must 
assume that another foreland lies beneath the North Pacific Ocean, In 
considering these main features of the structure we must not allow our- 
selves to be deceived by the hydrosphere. If we could remove it a vast^ 
land would He before us at^a depth of 3, 600-4, (X)0 meters below the existing 
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sea-level, but in front of the folded arcs we should see elongated strips of 
land, no doubt Viot completely regular, which would lie 2,000, 3,000 or even 
5,000 jneters lower than the rest of the vast tract of newly exposed land \ 
This great tract of land is the foreland. The outer border of the foredeep 
is the arcMiite border of a subsidence of the lithos^diere, and the inner border 
of the foredeep is the outer border of the folded range which hiis advanced 
from the direction of the land over this deep. Asia is surrounded on 
the east and south l)y subsidences of this kind. We have termed them 
vertices. The peninsula of India is a horst which has been preserved at 
a spot where the foredeeps were probably less deep, and where they are 
now indicated l>y great river-valleys only. Africa is a horst which has 
been preserved throughout its whole breadth, from the folded system in 
the north (Atlas) to that in the south (Cape mountains). 

The arcuate outer margins of the foredeeps have probably l)een 
produced by the breaking-up of an extensive sinking movement, which 
includes the whole of that part of the Pacific Ocean lying in the direction 
of Asia. 

That the Cambrian beds lie just as undisturbed in the backland as in 
the foreland now becomes intelligible, as well as the fact that there are 
neither arcuate chains nor foredeeps (excepting the brow of the two 
Antilles) in the Atlantic and Indian Oceans, ' A foredeep makes its 
appearance as soon as w'c reach the Burman arc. 

It is assumed, as we have seen alx)ve, that the two margins of the foro 
deep are of different chanictcr ; the outer margin is a subsidence-margin of 
the foreland, which is covered by the sea, the other belongs to the advancing 
folded range. 

In the fore<lec]) volcanic rocks are Imt seldom encountered ; they have 
been found in front of the Philippine.s, but in this case they may have been 
rained down from above. The volcanos At^hich accompany the island festoons 
never stand in the foredeej), but belong entirely to the folded cordillera. 

Folding. The simplest form in which the folds are distributed occurs 
when concentric are.s arise, closed at both ends, within a foreland which 

* With regard to the deepest foredeep, that of Guam (9,636 meters), G. Scholl writes : 

' The characteristic feature of this foredeep consists in the fact that the little furrow, 
both deep and narrow, which borders the east side of the islands of Guam, Tinian Saipan, 
and others in a north-and-south direction, is followed by a series of clearly marked eleva- 
tions or ridges running from westrsouth-wesi to east-north-east (1,977, 1,260, 1,817 meters) 
as though a great fault-trough were present here, lying between horsts (islands in the 
west, submarine ridges in the east) ’ ; Ann. d. Hydrogr., 1906, XXXIV, pp. 28-27. he 
Lapparent was one of the first to draw the attention of geologists (as early as 1879) to 
the remarkable distribution of the great deeps (Note sur la disposition generalc des 
reliefs du globe ten*estre, Bull. Soc. geol, France, 1879, B® ser., VII, pp. 346-^352), but 
the most important facts have only become known subsequently. The X)art played by 
, 3upan in obtaining recognition of their true significance has already been mentioned 
(fV294). \ ' • 
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is let down in a more or less arcuate form. In Asia a large part of the 
fires of its vertex and of its margin either lielong to or approach this type. 
Frequently, however, the arcs are not closed, and an open virgation is 
produced with free ends. The ares may also l)e resolved into oblique 
coulisses, as in the Rocky mountains. 

The virgation may show a tendency to elongate and join the arc, as on 
tiie Helmund or in the Aleutian islands, or it may extend far beyond the 
arc, as in the Thian-shan. Finally, cases arc known in which folds advance 
independently for a great distance beyond the region of their origin, until 
they die away at last in free ends. We have termed these branch-folds. 
Their formation boars witness to a powerful and extensive lateral pressure, 
wliich finds expression in a projecture on the outer envelope of the planet. 
In this way the Appahichians and Hindu-Kush were formed, as well as the 
bunmin arc, which advances far lieyond the marginal arcs ; possibly also 
the main bulk of the Ural, although it is here regarded, on account of its 
[osition, as a posthumous line of tlie Asiatic vertex. 

These free folds, which strike away beyond the frame of a vertex, 
[)resent independent deflexions. Where they meet with a local obstacle 
.>(‘Condary forced^ virgation may arise, which is different from the primary 
virgation of the Alaskides or the Philippines. Secondary virgation of this 
kind is produced l)y tlui Adiiondacks in front of the Appalachians, and the 
plateau of Ufa in front of the Ural. It is obvious that the opening of 
the forced virgation lies in the direction of the free ends. In the case 
oi* the Appalacliians these are the isolated fragments of coulisses wliich lie 
far beyond the Mississippi, in the case of the Ural the much younger 
^\‘rgeni. 

The greatest deflexions are exhibited by tlu^ Alpides, which have arisen 
within the subsidences of the western Altaidcs ius posthumous folding of the 
frame. In this way, continued development towards both ends lias given 
rise to the bend.s at the Iron Gate, of the south-eastern Carpathians, at the 
union of the Alps and Apennines, and from Sicily towards Tunis, and, 
finally, the arc of Gibraltar ; it has thus produced an almost vermiform 
trend-line, with free ernls in Ixith directions, namely ‘running backwards’ 
(towards the Altaides) in the cast Balkans, the spur of V^aleni and the 
^pur of the Lagern (Jura mountains), and ‘ advancing’ in the Balearic isles 
(ms far as Majorca), altliough directed there tow'ards the east. 

Especially instructive are those cases in wdiich a continued development 
of the free ends seems to have occurred. An example is afforded b}^ the 
two folded ranges of upper Tertiary age, which aovancii out of the north 
border of the Caucasus and strive to surround the Cimmerian fragment in 
the Crimea. As other examples we may mention the ends of the Ghissar 
range, those of the Amu-darya at and below Kelit, and those of the Mogul-^ 
tail, which are cut through by the Sir-darya below Chodjent (III, p. 299, 
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pi. IV), These causes are particularly clear, since both rivers must be 
regarded as antecedent. 

While the Dinarides exert pressure upon the Alps in the direction of 
the porphyry mass of Botzen, two fascicles of folds, caused by the avoid- 
ance of obstacles, arise in the Dinarides themselves, one running in the 
direction of lake Garda and the fault of Schio, the other in an ciist-south- 
easterly direction through South Styria and Croatia. The latter date (like 
the spur of Valeni in the Carpathians) from the post- Levantine period ; 
hut only a part of theii* long free ends are formed by folds, the remainder 
consisting of steeply upturned strips defined by faults (IV. p. 378). 

Let us once more return to the long free branching folds. 

A little board moves slowly on a surface of water. In front, in its 
wake, steeper waves are formed. At the sides they flow away in long free- 
branching waves/ separating in virgation, as the <listance increases, owing 
to intercalations and divergence, possibly too, like the Appalachians in 
Alalmma, passing from convex into concave trend-lines, at the same time 
constantly decreasing in height and elongating l)eiieath our very eyes. 
The comparison is more exact if we imagine the little board, or the source 
of the movement, just lielow the surface of the water. Then we may also 
discover a resemblance between the waves of Krakatoa which encircle the 
earth and the long arms of the Altaides. 

Backfoldinf] and dyvng-ont of folds in the Asiaik system. Let us 
attempt, at the danger of repeating ourselves, to analyse the elements 
which form the Asiatic system. In the north of the Canadian shield the 
United States chain makes its appearance as part of the peripliery. To the 
north of this chain the Arctic Ocean extends. Then Angara land is reached, 
which includes all the land Ijetween the Yenisei and Lena along with the 
fluvial region of the Aldan, and is prol>ably eontinuetl beneath the plain of 
West Siberia. It is beneath this Cambrian platform that gneiss is exposed 
along several of the rivers of North Sil)eria. It has been called Angara 
land on account of the diversified late Palaeozoic floras of its vsouthorn part; 
in the north it is overlain hy the flat- lying marine beds of Mesozoic trans- 
gressions. 

The platform extends from Bennett Land into the horseshoe-shaped 
amphitheatre of Irkutsk (up to lat. 52° N.), which is the inner border of 
the ancient vertex on lake Baikal. This is followed towaixls the west by 
the pre- Devonian vertex of Minuzinsk, and this again by the Carboniferous 
vertex of the Altai. We now approach the periphery. We may regard 
the United States chain as the first member of the periphery. The 
second member, which is, more correctly speaking, a series, extends in the 
east from the Rocky mountains and the Elias range through the Alaskides 
/ind the east Asiatic island festoons to Halmabera and Celebes. The 
Uralides in the we.st corre.spond to these as a (kird member. The Uraks 
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which form their main stem recall the Great Khingan ; their continuations 
reach the north of Norway, but the peripheral structure is there so little 
developed tliat horizontal Cambrian beds extend from the east up to aiid 
l)eneath the Caledonides. 

To the south of the Philippines and the Uralides a change sets in. This 
begins on the Altai. Long straight lines mark the southern boundary of 
the succeeding parts of the periphery. The eastern part is prolonged 
towards the south into the Burman arc. The western part reaches the 
horst of Azov, extends towards Europe, is prolonged across the Ocean, and 
does not tei’ininate until it reaches the other side of the Mississippi. These 
arc the eastern and western Altaides, which form the fouHh and fifth 
members of the periphery. 

Within these long brandies the southern marginal arcs represent the 
sixth and last member. They comprise: the Himalaya, the Iranian arc, 
and the Tauro-Dinaric arc. The arc which surrounds the western Medi- 
terranean has undergone posthumous alteration. 

Thus the Asiatic system terminates, and wo return to the ampltitheatre 
of Irkutsk (III, p. 10, iig. 2). 

Here, in the middle of the Asiatic system, which all around strives 
towards tlie exterior, undoubted backfolding occurs next the interior, that 
is, ov^er the concave si<l(i of the arc. The syncline of the peninsula of 
Olchon, overfolded towards the interior (III, p. 62, fig. 4), and the Silurian 
beds of the Onot range, also overfolded towards the interior, afford the 
clearest evidence of this ; but in the west also, on the so-called horst of the 
Yenisei, Meister has since observed overfolding towards the interior, and 
the horseslioe-shaped folds of the Angara beds, to the north-east of Nishni 
IJdinsk, show that at a time even later than the J urassic a constriction of 
the amphitheatre occurred in this otherwise Archaean tract (III, p. 23). 
Here the backfolding is also accompanied by late granitic intrusions, as 
at Kruglaja, near Nishni Udinsk, and the rapids of Strielka above the 
mouth of the Angara b 

The arc of Verkhoiansk, the innermost branch of the Anadyrides, is 
folded, according to Toll, towards the interior ; he expressed this view many 
years ago, when it was little likely to be accepted ; and it is not generally 
recognized even now (IV, p. 341). 

There is no doubt that tlie Ro^nanzov range, in contrast to the other 
Alaskides, is folded towards the interior. The overfolds near cape Lisburne 
directed towards the north, and the arrangement of the beds shown in the 
section of the Endicott range, bear witness to this (IV, p. 352). 

* Gcologische Beobachtungen in den goldfiihrenden Gebieten Sibiriens, Gebict dea 
•ienissei, Meister, sheet K-8, 8vo, St. Petersb., 1903, 89 pp , maps. Earlier data led to the 
('Onjecture that the Kropotkin mountains (III, p. 44) were also backfolded ; doubts have 
recently arisen with regard to this region ; op. cit., Region of the Lena, A, Guerassimow/ 
bheet II I- 6, 1907, 229 pp., map (in Russian). 
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Since the Rochy mountains form a syntaxis ^vith the Roinanzov moun- 
tains (not with the Alaska range) and are moved in the same direction 
(that is, are Uirned away from the forefolding, whicli is directed towards 
the Pacific Ocean), they must he regarded as backfolded with reference to 
the Asiatic system. The backfolding is expressed in the movement towards 
the east, while the Elias range is moved towards the west. In the southern 
part of the Rocky mountains, however, unilateral movement is, as a rule, 
scarcely perceptible. 

Between tlie aiiveral brandies of the great system blocks stand out 
which have resisted the foldings of more recent date. The largest of these? 
lies in North China, and in the elbow of the Hoangho its western and 
northern border stands in the position of a foreland in face of the folds of 
the desert of Gobi. In the east of this block B. Willis and Blackweldei' 
have shown that the coal-fonnation of Shansi is folded, and that in the 
Ki-tshou-shan folding and overthrusting towards tluj south-east prevail in 
the Cambrian and jire-Cambrian rocks. Ki-tshou-shan strikes to the nortli- 
ea.st and forms the junction with Wutai-shan, which is likewise folded k 
(These facts relate to the mountains marked red on ])1. VMI, vol. III.) Tims 
the bend of the Wutai-slian into the direction of the Great Khingan is 
determined; the latter strikes to the oa.st-north-easi oven as far as tin? 
Dolon-nor^ and nutst now, in accordance witli earlier conjectures, and 
the observations made in the north (III, pp. 116, 208), lie included among 
the folded structures. 

The insertion of the folds whicli approach from Ivuku-choto marks tla? 
north-eastern end of the block of North China. All tluise brandies then 
are fore folded. 

The behaviour of the block of South China <liHers fundamentally from 
that of North China. It does not act as a foreland, damming biick the folds 
towards the west, but the chains of the great ranges are continued into it 
and gradually flatten out. 

The chains of Yunnan, running almost nortli-and-south in hit 27** 80' N., 
and very closely crowded together, begin to iJi verge from one another to 
the south of this locality, extending in the Patkoi range towards the south- 
west, and on the south-east of Talifu in the direction of the Red river. In the 
north-west other meridional chains advance ea.st of Batang to the Ta-pa- 
shan and the Red basin. A particularly long coulisse (anticline of Tung- 
tshwang) is cut through by the Yan-tse-kiang at its mo.st southerly point. 
All these folds, accoi'ding to LeclSre*s oliservations, flatten out in broad 
anticlines towards the ' south. Devonian, (kirboniferous, marine Permian, 

* B. Willis, E, Blackwelder, and R. JI. Sargent, Reseurcb in China, 2 vols., in 3 paits, 
4to, Washington, 1907, atlas. 

* Communication by letter from Mr. Ogawa, on a journey from Peking to Dolon*Nor 

performed in 1903. \ 
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marine Trias, and Rhactic and Liassic plant-bearing beds broaden out over 
the land, and it is not till we approach long. 108'" E. tliat an older founda- 
tion becoiiics visible beneath them. Flexures, striking to the riortli -north- 
east, and a general subsidence are the predominant features in east YUnnan 
and Kwang-si \ • 

Thus we may indeed say that this part of Clnna l)ears the drooping 
remains of the sedimentary mantle whicli formerly covered the higli 
mountain ranges (HI, p. 231). 

Further to the east the block of South China is but little known. 

I Voceeding from Fii-elni towards the interior, gneiss, ampliibolite, granite, 
and ancient schists have been met with, overlain uncon formably by beds of 
Mesozoic appearance 

Let us return to the chains of Yunnan. Uie chains which follow the 
Red river towards tlie south-east send oft* in the west the cordillera of 
Annam, winch l»ccomes convex towards the east and conforms to the 
direction of tlie line of the Philippines. The eastern coulisses reach tlui 
delta of the Re<l river in low spurs, but towards the interior they ai*e 
i'ollowed, according to Zeil, by further folds, tlie strike of wliich makes 
a 1 k>ik1 in the regions situated to the north and north-east of Ila-Noi, out 
of the south-east into the east-north-east, with the convexity turned 
towards the south and south-south-cast; W(i await furtlier information 
(•oncerning these coulisses 

Then come still a<lditioual intercalated segments in Cambodia ami 
Borneo. 

These details are given to sliow that in these great branches of the 
^.‘astern periphery back folding has almost completely disappeared. A local 
exception occurs in the Burinan arc, in Soutli Sumatra, where Tobler, 
while surveying the p(d.roleum-bearing anticlines of Tertiary age, fouial 
that they liad been produced by a movement directed towards the nortli 
and north-east, i. e. bv backfolding^. 

In the MustS,g-Ata, on the cjist side of the Pamir, there is a tremendous 
overfold or overthrust towards the east, that is towards the concave side of 
the Yarkand arc (III, p. 273); something similar may also be seen in tlu^ 
lohls whicli surrouml the Helmund. 


^ A. Leclerc, ^Itude geolo^iquc* et minibre des provinces chinoisos voisinos du Tonkin. 
Ann. Mines, 1901, 9' ser., XX, pp. 287 506, maps. 

* Kinosuki Inouye, A Journey along the Min Kiang, Province of Fukien, China, 
published by the Tokyo Geographical Society, 1<S98, X, pp. 583 -592 and 
637-641, map (in the Japanese language, kindly translated by Mr. Yamasaki). 

G. Zeil, Contribution ii la sjeoffraphie tectonique du Thiut Tonkin, Ann, Geogr,, 1907, 
pp. 430-450, map. 

A. Tobler, Topograj)hische mid geologische Reschreibung der Petroleum-Gebiete bei 
Mocfuu Enim (S. Sumatra), Tijdschr. Nederl. Aavdrijkskuud. Genootsch., 1906, pp, 199- 
•fto, maps, in particalar pp. 201 and 273. 
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We will now return to the inner vertices. 

In the vertex of Minuzinsk backfolding also occurs. Near the Yenisei 
the West Sayan is over folded towards the north, that is, towards the 
interior, and the horseshoe-shaped folds of Devonian below the town of 
Minuzinsk j:)i’obably play a part similar to that of the horseshoe-shaped 
folds of JurOvSsic near Nishni IJdinsk (III, p. 79). 

In the vertex of the Altai, the question as to the presence of backfolding 
must remain undecided. Some observations seem to show that the border 
of the Kusnetskii Alatau is folded towards the west over the coal-bearino- 

O 

beds of Kusuetzk, but they scarcely enable us to arrive at a decision^ 
(III, p. 152). 

After these numerous examples of the repeated occurrence of back- 
folding we will now’ extend our inquiry to Europe. The Timan-Kanin 
chain in the north and the Dinarides in the south retain the normal fore- 
folding towards the south, even on this continent. The line of the Altai, 
which roaches a point to the north of the horst of Azov, behaves in a manner 
characteristic of Asia, and this is also true of the problematical lines of 
Karpinsky. On the other hand the trend-lines coming from the Caucasus, 
which reach tht^ south of the horst, turn from this point onw^ards towards 
the north, in contrast both to the mountains situated in the north and those 
in the south. At first, it is true, we only see posthumous chains (Balkans 
and others). In this respect, however, they resemble tlie typical western 
Altaides ; these first l)ecomo visible in the Sudetes (IV, p. 3), 

From the hard of Azov onvxmU ike vihole of the ivesteno Altaides (alom/ 
with their posthumoas drmtures) exhibit bttckfoldin;) as far as Texas and 
Oklahoma. 

From this fact a number of conclusions may be drawn. 

The Rocky mountains proceed from the island-festoons, the Appa- 
lachians from the Altaides, but it is only the fact that lx)tli ranges are 
backfolded wdth regard to the great Asiatic system which renders it 
possible to regard Laurentm as the common forelaml of iMh, and at the 
same time of the United States cliain, which exhibits fore-folding. 

At the same time it appears that botli in the east and west it is 
precisely the backfolded free l>ranches which extend farthest beyond the 
periphery, namely the Rocky mountains in the east and the western 
Altaides in the west. But we also see that they die away more rapidly^ 

In the Rocky mountains folding commenced as early as the uppci* 
Cretaceous, thus offering a contrast to the Elias range which is still in 
course of formation. Tlie branches of the Altaides wliich lie outside the 
horst of Azov became rigid even before tlie Permian period, but later, it is 

^ J. P. Tolniatscljew, Geological Observations on the Kiisnetzkii Alatau, Izviestija hiJP* 
loss, Geogr. Obsch,, 1903, XXXIX, pp. 390 (in Russian) ; Bogdanow's statements 
(Vorh, i*u8s. min. Gcs.^ 1883, XVIII, pp. 149 -211) have already been mentioned. 
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true, they gave rise to posthumous structures, such as the Alps, in the 
European subsidences. The northern part of the Urals is 'old, but in its 
southernmost part it presents very recent offshoots. All the rest p£ the 
periphery, from the Mediterranean to the Elias range, may be regarded as 
characterized by true forefolding, possibly not yet completed. Without 
uiiticipating some observations to follow later, we may refer to the mode oi 
iirrangement of the active volcanos, which is in complete harmony with all 
ihe preceding conclusions. 

A restriction of the area over ivliich the orographic force operates occurs 
simultaneously 'with a falling off in the intensity of this force. 

The backland is not the starting-point of an active fold -forming force. 
The Cambrian beds lie just as undisturbed in the backland of Angara as in 
the foreland of Laurentia. The backfolding is a secondary phenomenon, 
the result of a redundancy in the planetary envelope. 

This is naturally not true of those forced backfoldings which have been 
produced by a violent bend in the strike, such as occurs at the Iron Gates 
and the bend of the Alps to the Apennines. 

Analysis of the A rcs. The structure of the northern Antilles may first 
♦Migage our attention. A considerable foredeep lies in front of its northern 
half. Following one another with great regularity in concentric arcs are : 
a vseries of Tertiary islands, a short series of extinct v^olcanos, the arc of 
active volcanos, and finally the cordillera. A concentric structure is also 
])0sse.ssed by the Asiatic arcs. A tendency to the same plan may be recog- 
nized even where the lines separate in virgation. 

Wo may select for comparison with the Antilles four types of arcs, 
represented by the Philippines, the Liu-Kiu islands, the Alaskides, and the 
Honin islands. 

1. The Philippines (II, p. 171; III, p. 246, pi. II.) present in the east 
a long foredeep wliich sinks below 7,000 meters. They open out towards 
the south in a virgation of cordilleras, and between their branches several 
series of volcanos make their appearance. The virgation extends across 
Mindanao, and dies away in Celebes and Halmahcra, following directions 
which run transverse to that of the Bunnan arc 

‘ For Celebes (III, p. 257) the most important source of information, in addition to 
'Vichmann^s works, is P, and F. Saraain’s Entwurf einer geographisch-geologiachen Be- 
^chreiibung der Insel Celebes, 1901, 4to, 344 pp. ; petrological supplement by C. Schmidt 
iind atlas. The succession of rocks is granite, gneiss, mica-schist, and other schists ; 
further, crystalline limestones, radiolarian rock, some brown coal, lower Tertiary, and 
*uore recent limestone and Miocene clays. In addition, glaucopbane rocks, peridotite, 
^unite, and diabase, then trachytic and leucitic rocks, and, finally, recent volcanos are 
present. The theory that a separation into two virgatioas occurs is supported in par- 
ticular by the strike to north and north-iiorth-east in the extreme north-west (III, p. 258). 

the other hand the interruption of the cordillera near the Equator may be cited as an 
^ ejection, and also Wichniana’s statement that a strike to north 45’’ east occurs to the 

80LLA8 IV J » 
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The inner branch, formed by the Sarawak or upper Kapoewas range of 
north Borneo (folded Trias and Cretaceous), marks the limit of a large alien 
segment which occupies the south of Borneo between the branches of the 
virgation. On the west is Pontiauak, lying in the broad alluvial stretches 
of the river Laudak. To the north of this locality Wing-Easton observer! 
granite with transgressive Cenomanian, which must belong to the alien 
segment ^ In the oast, according to Molengraaff*, it is bounded by a trough 
in the direction of the cordillera. On the south border of the trough, in 
the direction of the alien segment, rise the extinct volcanos of the MUller 
range. 

2. Lki-Kiu islands. The strike of south Honshiu, which also prevails 
in the south of Kiushiu, is cut through here by the volcanic line of the 
Liu-Kiu arc as it enters this region. This is, as we have seen, the meaning 
of the bay of Kago-shima, the caldron fracture in which it ends, the volcano 
of Sakura on the margin of the caldron, and the volcano of Kiri-shima 
which rises further inland. But still further to the north, near the town 
of Kumamoto, and in the western part of the Amakusa islands, which lit^ 
off the coast towards tlie south-west, deflexions of the ancient rocks towanls 
the north and north-\vest occur, and in north Kiushiu the Tertiary beds 
rCvSt upon long tectonic lines of post-Tertiary ago, which run across the 
main strike in a north-and-south direction. Japanese geologists think it 
possible that these may be ascribed to the influence of Liu-Kiu \ 

The middle and southern part of Korea is of great age. Some folds 
occur striking to the east-north-east or north-east, but it is the young«:r 
fractures \vhich determine the character of the country. 

A great fault-trough extends from Gensan on the east coast, in about 
lat. 39“ N., and becomes so broad tow-arda the south-south-west that the 
north border reaches the west coast in lat. 37® 50' N., the south lx)rder in 
lat. 36“ N. Recent basalts occur in the fault-trougli. That part of Korea 
which lies tow^ards the north-west (K6t6's Palaeo-Cliyo-sun) is cut up into 

south of this interruption in about Jat. O'" 45' S. (Tijdschr. Aardr. Genootsch., 1890, 2. 
Ser., VII, p. 987). This seems to point to a single virgation starting to the north-east ot 
Minahassa. Kruijt’s map of the kingdom of Mori fop. cit., 1900, 2nd ser., XVII, ph H) 
does not show any bend of the chains at the head of the gulf of Tomori (Mori) from the 
south-east to the north-east peninsula, while a bend of this kind from the south-east to 
the north (to lake Posso) is certainly marked. For the north, Molengraaff, Zeitschr. prakt. 
Geol., 1902, pp. 249-257. The volcanic mountains of Bowonlangi and the volcanic 
group of the Pic von Bontaing lie in the furrow or fault-trough of the valley of Tempo- 

* N. Wing-Easton, Geojpgie eines Theiles von West-Borneo, 8vo, Batavia, 1904, 542 pp-j 
atlas. For the transgressive Cenomanian, Krause, Samml. geol. R. Mus. Leiden, 1902, 
VII, 1, 28 pp. The trend-lines of the folded mountains in the oil-bearing beds of the 
bay of Brunei in Labuan have been described by K. Schmidt ; Gcrland, Beitrfige «ur 
Geophysik, 1904, VII, 121-136, map. 

^ Outlines of the Geology of Japan, descriptive text to geological map, 1 1,000-000, 
Tokyo, 1900, pp. 26^ 76, 102. 
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numerous segments. In the south-east, lines of fracture occur which repre- 
sent a virgation starting from Gensan or a point lying further to the north. 
One of these fractures forms tlie greater part of the arcuate east xjoast ; 
it is followed by three long parallel fractures ; others diverge towards the 
south-west, ami the south coast of Korea becomes a rias coast. These long 
fractures are disjunctive lines in a virgation whicli may possibly be includ<^d 
among the inner zones of Liu-Kiu 

We have shown previously (II, p. 176) that-the arc of Liu-Kiu consists 
of an outer rocky cordillera and an inner volcanic zone. But the resem- 
blance to the Northern Antilles does not stop here, an arc of Tertiary beds 
being present outside the cordilleras. 

The innermost zone extends from the volcanos in the south-west of 
Kiiishiu through Iwo-shima to Tori-shima and other islands, and finally 
to the volcano of Taiton in the northern extremity of Formosa The 
second zone is a mountainous cordillera; Yaku-shima, 0-shima, Tokuno- 
shima, Okinawa-sliima, and Migako-shima are its most important members. 
Palaeozoic beds dip here towards the west, and are thus probably over- 
folded towards the Ocean, as in south Honshiu. The third zone consists 
partly of Lcpidocyclina-limestonc ; it includes Tanega-shima, Kikaiga- 
shima, the soiitheniniost part of Okinawa-shirna, and other islands. 

In the southern group of Yaeyama, Ishigaki belongs to the cordillera, 
but andesite also occurs, and the (volcanic) mountain of Nasoko which, 
precisely like the extinct volcanos of the Antilles, rises more towards the 
exterior. Iriomote is formed of folded Tertiaxy. Tlie influence of the 
Philippines probably expresses itself here in the strike, which is directed 
in places towards the north-north-east 

3. The Alatikidea (IV, p. 346). Within the foredeep idses a cordillera 
formed apparently of very ancient rock, and accompanied on its south side 
by Flysch-like sediments as well as by folded Tei*tiaiy beds, in part oil- 
bearing (Kenai and Chugatsk range). Within the coi’dillera lies the trough 
of Slielikof strait and Cook inlet, with beds ranging from the Jurassic to 
th (3 Tertiary, with disjunctive lines and the arc of the volcanos. Within 


’ Koto, Orographical Sketch of Korea, Journ. Coll. Sci. Tokyo, 190«3, XIX, 1, G1 pp., 
map; also K. Inoiiye, Geology and Mineral Resources of Korea, Mem. Geol. Surv. Japan, 
1907, 1, 1, 91 map. An isolated andesitic cone within the rias coast is also remark- 
able; E. Sagawa, Kdjo Island, Corea, Bull, GeoL Surv. Japan, 1901, XIV, pp. 31-50, map 
(in Japanese language ; long. 128' 32' E.). 

F. von Richthofen, Geomorphologischc Studien, III, Die morphologische Stellung von 
formosa und der Riukiu-Iiiseln, Sitzb. k. Akad. Wiss. Berlin,*! 902, pp. 944-975, map. 

® 3. Yoahiwara, Raised Coral Reefs in the Islands of the Riiikiu Curve, Journ. Coll, 
bci. Tokyo, 1901, XVI, Art. I, 14 pp., map; Geological Study of the Riukiu (Loochoo) 
burve and its relation to the north part of Formosa, op. cit., Art. II, 67 pp., maps ; 
K. B. Newton and R. Holland, Fossils from the Islands of Formosa and Riu-Kiu, op. cit., 
1902, XVIl, Art. VI, 23 pp. 
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the volcanic arc again rises the main cordillera (Alaska range), accompanied 
by secondary branches. — An alien fragment is inserted between the branches 
of the.' virgation (Seward and Chuchki peninsula). — The last cordillera 
presents backfolding towards its concave side (Romanzov range). 

4. The Bonin idands (III, p. 146 ; IV, p. 296). From the profound 
disturbance which cuts through Honshiu rises the series of the Shichito 
volcanos ^ It continues the western, volcanic series of the Bonin islands, in 
front of which there lies in the east a second chain of islands, the Ogasawara 
chain, formed of Tertiary sediments. This, it is true, is only known from 
lat. 27^ 40' N. to lat. 26"^ 38' N. 

These four types present a definite structure and a definite serial order 
of elements, which may sometimes be incomplete, but is never inverted. 
The first element, on the convex side, is the foredeep; the second is 
a Tertiary belt which is often folded, and often characterized in a striking 
manner by the presence of Lepidocyclina (outer series in Liu-Kiu, Oga- 
sawara chain in Bonin). Then follow the folded cordilleras, the innermost 
of which are sometimes backfolded (Romanzov range), and sometimes 
separate from each other in virgation (Philippines, Alaskides). Finally 
there is the volcanic arc. This ahvaye lies in the cordillera, and 'tnore 
precisely in the zone of forefolding, never in that of backfolding, and never 
in the foredeep. In the Philippines several volcanic lines follow the virga- 
tion. In the Liu-Kiu disjunctive lines may possibly be recognized as far 
a.s Korea. Alien fragments sometimes occur between the branches of the 
virgation (South Borneo, Seward, and Chuchki peninsulas). 

The same structure is also present in the northern Antilles, but in these 
islands no cordilleras occur within the volcanic zone. In general, the 
cordilleras arc the first to show a tendency to disappear, as may be seen in 
the Bonin islands, while the voIcano.s hold their ground with great tenacity, 
as in the Aleutian islands. 

Arc of the Oceanides, In the light of the preceding facts the structure 
of the Oceanides becomes evident. It has long been known that the oldeJ 
rocks become rare out towards the Ocean. This corresponds witli the 
disappearance of the cordillera. Sometimes only the Tertiary belt with 
the volcanos remains, as in the new Hebrides ; sometimes little more than 
the Tertiary belt alone, as in the Paumotu group ; or it may be that only 
a chain of volcanos markvS the course of the trend-line, as in Hawaii, out in 
the middle of the Ocean. 

The virgation which proceeds from New Zealand, and follows the lines 
of New Caledonia to New Guinea, the New Hebrides to New Ireland, 

' Mr. Ogawa informs me that on the upper Teiuim, on the west side of the Akaishi 
mountains, he has observed overthrusts of gneiss over younger rocks in a south easterly 
direction, that is towards this disturbance (the Fo.ssa pnagna), and that Dr. Suzuki has 
observed similar ovferthrusts near Aoki, further to the south. 



THE ANDINE SYSTEM 


517 


CH. XIV] 

and the Gilbert islands to the Carolines, shows clearly the gradual dis- 
appearance of the cordilleras ; and the possibility that Viti Levu may be 
an older segment lying between the branches of the virgation arid not 
forming part of the cordillera becomes more readily intelligible. In front 
of the east side of the structure lies the foredeep of Kermadec and 
Tonga. 

The Marianne islands encounter the Carolines in linking; this is 
also true of the traces of the Raroia group with respect to the Paurnotu 
islands. 

There is no essential difference between the structure of the arc of the 
northern Antilles, the island festoons, and the Oceanides. At the same time 
it must be remembered that this structure cannot be recognized further than 
Hawaii and the Marquesas, and that bej’^ond these islands in the direction 
of South America a region intervenes in w^hich islands are rare, and are 
nrranged rather in groups than in lines. 

Analysis of the Anclinc striuiture. Here comparison is much more 
(lifficult, owing to the presence of an eastern and a western foredeep. 

The foreland which lies between the two groups of Antilles is not let 
rlown in an arc ; nor does it resist the great movement coming from the 
west, but in Bolivia an<l Argentina it is itself thrown into folds and flakes 
over a considerable area. Tlie Cordillera de la Costa, which forms the 
starting-point of the movement, and must, according to older views, be 
rt^garded as the central chain, presents, in complete contrast to the general 
rule, plant-remains belonging to the Keuper and Lias, and in the extreme 
s(uith to the middle Jur«assic, as though during these periods there had been 
tlry land over large areas, or as though a coast had existed in the vicinity. 
At the same time we have the still unexplained fact that to the north, 
iu South Oregon, plant-bearing beds of the middle Jurassic set in, as 
wi‘ll as abyssal radiolariaii rocks, prol)ably of upper Jurassic age. The 
latter contribute to the structure of the Californian coast ranges, which are 
regarded in this work as part of the Andes. 

The further we carry our comparisons towards the north, the more 
striking becomes the correspondence between certain characters of the 
Andes and the Intermediate range. In the first place there is the frequent 
association of marine Mesozoic deposits and recent volcanos, then the 
T'cpeated recurrence of long ranges of granodiorite ; and at the same time 
duiie is the fact, not to be overlooked, that in South America the volcanic 
activity dates from the middle Jurassic or Lias, and yi the Aleutian islands 
from the Volga stage or Kelloway. 

In the fault-trough of the Aleutian volcanos the same Mesozoic series 
occurs as in Califoi*nia, with the same unconformity at the base of the 
^^eocomian. These formations are continued into the interior plateau 
^nd the Basin ranges as a folded region, divided into numerous submeri- 



518 ANALYSES [party 

dional horsts # and fault-troughs, among which we will only mention 
Death valley (190 kilometers long, and sinking to as much as 1 23 meters 
below 'the sea leV'Cl). In its broadest part this region is bounded on the 
east by the slope of tlie Wahsatch, and on the west by the eastern scarp of 
the Sierra Nevada, as though the whole range, 600 to 700 kilometers in 
breadth, had been let down in strips between these two ‘ lines of weakness * 
(I,p.578). 

Further south, from Arizona onwards, this structure becomes constricted, 
or terminates. In Mexico it reappears; again we observe the Mesozoic 
series, the long folds, striking here to the south-east, the faults and volcanic 
phenomena, and the bolsons devoid of outflow. Thus we reach the Atlantic 
Ocean, wdiile to the south the giant volcanos of Mexico mark the bend of 
the strike in the Sierra liladre. 

Still further south we reach the Depresidn central of Chiapas with the 
volcano of Zontehuitz, which is compared by Bose with lake Nicaragua, 
and further away follow the volcanos of Guatemala. The cordillera, which 
must be regarded as the continuation of the Sierra Madre, strikes away 
towards Cuba and Jamaica. In Guatemala the volcanos do not follow this 
swerve, but are continued towards the south-east, extending, according to 
Sapper, in repeated, alternating series, as far, as Costa Rica. Of tliese 
series that included between the volcanos of Cosoguina and Madera (lakes 
of Managua and Nicaragua) stands in a fault-trough. 

Nothing similar is known in the Antilles. On the mainland, a fault- 
trough probably occurs between Cuinana and the gulf of Paria ; the valley 
of the Rio Magdalena has also been describerl as a fault-trough. We hav<> 
already called attention to the not infreijueiit arrangement of the volcanos 
in straight lines within the volcanic zone, and the occurrence of fault- 
troughs, as for example near Antofaga.sta and as far as Lonquimay, and 
also outside this zone in the Argentine Andes. Several of these fault- 
troughs, as in the Basin ranges for example, are over 100 kilometers long 
and only 8-9 kilometers broad. 

On the north, to the west of the .syntaxis, in Cook inlet, the presence of 
true freshwater beds of tlie Kenai stage shows that in the Tertiary aora 
the trough must have been occupied hy a long, narrow lake, cut off from 
the sea. On the soutli, at a distance from the Kenai stage, the gypsnni 
which is intercalated in the Jurassic formation of the volcanic zone leads to 
a similar conclusion. In this region also, waters cut off from the Pacific 
Ocean, or only imperfectly united with it, mast once have occupied the site 
of the great Cordillera de los Andes. Schiller has collected all the facts 
known concerning these gypsums. They already make their appearance in 
lat. 23® S., near Caracoles, where they overlie the Kelloway ; they are possibly 
repeated in the Cretaceous, ami are known in greater detail in the region of 
the Aconcagua ;• in these more southerly^ districts they lie upon the Kelloway 
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and beneath the upper Jurassic, and extend upwards in the territory of the 
Neuquen as far as the Kimeridge.^ 

The distance from Caracoles to Neuquen amounts to almost 16 degrees 
of latitude. An account of the region between lats. 32^ and 39'" S. is given 
in two important works by Burckhardt. A porphyry conglomerate is 
widely distributed over this long tract in the western part of the Andes, 
and attains a considerable thickness ; in the east it is replaced by sandstone. 
Both conglomerate and sandstone are inserted immediately above the 
gypsum, and are therefore upper Jurassic. Burckhardt concludes that a 
long narrow arm of the sea must have existed in the form of a fault-trough, 
like the Red sea, and that it was bounded on the west l>y continental land, 
which was tlie source of the porphyry pebbles and no\v lies submerged 
lieneath the Occan.*^ 

In addition to all these longitudinal disturbances there are the two 
longitudinal valleys of the Sacramento and of Chile. The considerable 
depth which l)orders the west coast, and descends, between Antofagasta 
and Copiapti, below —7,600 meters, is independent of the volcanos, but 
;ipparently does not lie in the usual series. 

This whole zone is folded ; up to the outcrop of older rocks in Arizona 
the movement in the Basin ranges is directed towards the west, at least in 
so far as a movement in one direction can be recognized. Then, in North 
Mexico, it is directed towards the east and north-east. This direction also 
I)rovails in the Argentine Andes. If these were folded towards the west, or 
if we miglit regard them as produced by backfolding, then the east would 
he a normal backland, the bay of Arica a normal syntaxis, and the deeps off 
the west coast normal foredeeps. But this explanation is contradicted by 
the signs of a Mesozoic mainland visible along the Cordillera de la Costa, 
as well as by the observations of Steinmann and his colleagues, and those 
of the Argentine geologists who state that the movement is directed almost 
^exclusively towards the east. 

Southern and western parts of the Asiatic system. The periphery of 
this system has been divided into: 1. The United States chain; 2. The 
whole of eastern Asia a.s far as lake Banda ; 3. Corresponding to this in 
the west, the Uralides ; then, the long, free branches of the Altaides, extend- 
ing beyond the periphery, which include, 4, the eastern (the Burinau arc), 
;>. western Altaides ; and finally, 6, the three inner marginal arcs (the 
Himalaya to the Dinarides). We will return to our original order. 


‘ Schiller, Geologische Untersuchung bei Puerto del Inca, p. 722, note 2. 

C. Burckhardt, Traces geoJogiques d’un ancien continent pacifique, Rev. del Museo de 
Plata, 1900, X, Ijp. 177 -193, map ; Beitriige zur Kenntniss der Jura iind Kreideforma- 
ion der Cordillera, Palaeontographica, 1903, L, 144 pp., in particular p. 124 et seq. 
‘ temmann thinks that the volcanos alone would have sufficed to form the conglomerate, 
f. Min., 1902, II, p. 429. * 
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In the Ur({lides{S) Nova Zenibk is connected by linking with the Urals 
(III, p. 374 ; fig. 18). The whole of the northern part of this system is of 
considerable age ; on the other hand, the Yergeni mountains in the south 
are of comparatively recent date, and recall the free offshoots of the east 
Asiatic branches. Disjunction is unknown b 

The Burma n a/r(4) is clearly related to the eastern arcs. In the south 
it is accompanied l»y a foredeep of about 7,000 meters. Several Tertiary 
islands lie in front of it (Mentawei and others), and the largest and most 
regular volcanic disjunctive zone of the earth accompanies it deep into the 
mainland. It is distinguished however from the arcs of eastern Asia 
by the convexity of its main branch, which is directed towards the west 
and south-west, while some of its inner branches, diverging from this main 
branch, adapt themselves in Annain to the direction of the Philippines. 
The place of separation is marked by the insertion of the mass of Cambodia. 
The free end is directed, not to the south or south-west, but to the east, and 
in respect to this direction it presents a similar contrast to the Philippines 
and the Celebes, as the Caucasus does to the Yergeni mountains. 

'The xeedevn AHaides (5) extend beyond the peripliery in free branches 
which are even longer tlian those of the eastern Altaides. They became 
rigid, outside the horst of Azov, as early as the Permian period, gave rise 
subsequently to posthumous ranges in sunken areas, and are wholly 
backfolded ; they thus present peculiar features which are not repeated 
elsewhere. 

Tlui inner marginal arcs (6) present a remarkable contrast to the Altai- 
des, which strike across and beyond them. This contrast is already apparent 
between long. 100'" and 96" E. (Ill, pi. VIL), in the manner in which Khrebet 
Pustyinji strikes across the directions of the Lun-shan (north-west) anrl 
San-sjan-tsy and Shi-boa-shan (north-east), in tlie region where these enter 
into syntaxis. The Thian-shan as it proceeds forms the chord of the arc 
which encloses the plain of the Yarkaiifl, and then strikes across the 
western end of this arc in the Pfimir. Maintaining the same invariable 
direction to the west-north-west, the coulisses of the Hiiidu-Kush strike 
from the Balchan to the Caucasus, forming tlie chord of the arc of the 
south Caspian, and in like manner the Caucasus itself crosses the syntaxis 
of the second and third of these marginal arcs. 

All these marginal arcs are folded towards the exterior, as is the entir<i 
periphery of this great system. Recumbent sheets are formed on the 

% 

’ On this question also Dujmrc, Mrazec, et Pearce, Bur Texistence de plusieurs mouve- 
nients orogenetiquea successifs dans I’Oural du Nord, C. R. Acad. Sci., 9 mars 1903, 
pp. 629-631. The description of the Kwarkush and Bassegi chain given in III, pk 
must be modified in some respects ; Duimrc et Pearce, Recherches geologiques et petro- 
graphiques sur POural du Nord, etc., II, Mem. Boc. phyj. hist. nat. Geneve, 1905, XX 
p. 557 et seq. 
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boundary of Tibet at Hundes and probably at other localities. The back- 
folding which sometimes occurs has already been mentioned^. 

In Baluchistan the regular folded ranges are separated, according to 
Vrcdenburg s accounts, l»y broad desert plains, and in numerous examples 
the movement is always towards the low-lying area, whether that lies 
to the north or the south : the prevailing direction is to the south. The 
intervening valleys are in many cases true subsidences. 

In spite of the contrast presented by the directions of the Thian-shan 
and the Yarkand (Him&laya) arc, unconfonnity occurs in both at the base of 
tlie upper Carboniferous or Permian, and in both the movement is continued 
into the Tertiary aera, as is the case on the outer border of all the 
marginal arcs. 

The Iranian are displays a remarkable tendency to the formation 
of secondary intervening spaces. One such space is produced by the 
Suldiman range which, on the other side of the Salt chain, advances far 
licyond the outer border of the Iranian arc towards the south, and then 
breaks up into chains of loss elevation ; these swerve round to south-west, 
west, and finally north-west, and thus enclose the ‘parasitic* space of 
^Sewestdn (HI, p. 284). The inner principal ranges of Iran, running nor- 
rnnlly to the south -south-west or south-west, that is towards Kandahfir, 
bound this interval along the chord of the arc in a manner precisely recall- 
ing the Altaides. Near Quetta these border ranges turn back to the main 
chain. 

' The structure of Tibet is gradually becoming clearer. To the east of Darjeeling 
first the Teitiary b<dt and then a belt of lower Gondwana dip to the north-north-west 
beneath the gneiss of the great range, which is over 100 kilometers broad and extends 
to about lat. ' N. (1, p, 449). On the Guicha-La (5,007 meters), in the midst of the gneiss 
and only 11-7 kilometers to the south of the peak of the Kanchinjunga (fi,579 meters), 
the walls of the Pandira (0,711 meters) exhibit in the zone of contact altered sediments 
with garnet, scapolitc, an<l other minerals, traversed by dykes of pegmatite. A crinoidal 
limestone altered in a similar manner, and probably of Palaeozoic age, was encountered 
to the noi-th of this locality on the north boundary of the gneiss, on the other side of the 
Jonsong-La. So far Garwood.— Further to the east, on lake Cholarno, also on the northern 
boundary, Hooker mentions crinoidal limestone, and still further cast Hayden observed 
a mass of Trias (V) let down in gneiss (long. 89“ 15' E.). On the other side of lat. 28“ N. 
lies avast region of sediments which are in part strongly compressed, with the exception 
of a narrow strip of Cretaceous and Eocene ; this has so far furnished fossils of Jurassic 
age only. It extends beyond Lbassa, and in all likelihood as far as the Cretaceous of the 
Tenri-Nor. This broad Mesozoic zone is interrupted by granite on the Brahmaputra 
south of Lhassa, near Lhassa itself, and at some other points. Garwood conjectures that 
Eanchinjunga and the great gneiss zone is a granite intrusion of Palaeozoic or even 
later age. E. J. Ganvood, Notes on a map of the Glacioars of Kanchenjunga, Geogr. 

XX!, pp. 13-24, map; Geological structure and physical features of 
Sikhim, in D. Freshtield, Hound Kanchenjunga, Svo, London, 1903, pp. 275 299 and 307, 
niai.> ; H. H. Hayden, Preliminary Note on the Geology of the Provinces of Tsang and t) 
^ Tibet, llec. Geol. Surv. in India, 1905, XXXII, pp. 160-174, map; and Geology of the 
Provinces of Tsang and U in /Central Tibet, Mem., op. cit., 1907, XXXVI, pp. 122-301^ 
>nap. 
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Within the main chain this arrangement is repeated on a larger scale. 
North of Quetta the ranges run to the south-soiith-west, separate from one 
another, bend in an arc towards the west, and then north-nortU-west, at 
the same time losing in height, and finally disappear in the north of the 
desert. Thus, a second space is marked out; the bend of its border is 
reflected in the J^end of the Helmund. At the same time long ranges 
extend from Bampur towards the noidh-west, bounding the desert of 
Dasht-i-Lut. On the outer border a secondary syntaxis possibly occurs 
in the strait of Horniuzd, and then at last this border strikes along the 
Persian gulf and the Tigris to its syntaxis near Diarbekr. 

The formation of the basin of Sewestdn, the basin of the Helmund, and 
the desert of Dasht-i-Lut, narrowing aw^ay in a wedge towards the south- 
east, does not conclude tlie process of inner sub-division. Around the south 
border of the Caspian the Alhurs range makes its appearance as an 
independent secondary arc; in the province of Chi Ian its \vest side merges 
into the normal chains of Iran (III, p. 289). 

The Tauro-Dinaric arc (I, p. 498, III, p. 316) consists of tw'o arcs, each 
of which has opposed the development of the other. Their encounter takes 
place, according to the later investigations of Philippson, west of the 
peninsula of Kyzikos, ami west of lake Manias, along the river Simau. To 
the south of this river their course becomes somevvhat erratic, since a great 
tract of crystalline rocks, the Lydian-Karian mass, occupies the region 
irora this point southwards across the Meander and as far as Denizlu and 
Milas Dinaric ranges striking to the north-east extend through Rhodes 
to Asia Minor; in west Lycia the Tauric direction makes its appearance, 
W ithin the Taurides a smaller, East Pontic arc may bo distinguished, wliich 
includes the coast almost as far as Sinope. The principal d^iuric arc is 
of much greater size ; it comprises the Taurus and Antitaurus, Amanus, 
Cyprus, and in w'estern Asia Minor a consideraVde number of chains running 
to the north-west. It encloses the depression of Lycaonia, The W-Vst 
Pontic arc is less clearly marked : to its western part, striking to the west- 
north-west and w^est, Ave may assign the Olympus of BruSvSa and the broad 
serpentine region to the south of it, as far as Tauslianli and Kiutahia. The 
chains situated further to the south which mlvance from the south-east, 
near Afiun-Karahissar and Ishikli across the lakes of Pisidia, belong to 
the principal Tauric arc. 

Within the Dinarides the tendency to form secondary arcs is not so 


^ Thus the north-and south strike to the riorth of Smyrna does not possess the signifi- 
cance assigned to it (HI, p. 325) ; Philippson, Sitzb. k. Akad, Wiss. Berlin, 1903, VI. 
p. 114, and Zeitschr. Ges. Erdk. Berlin, 1905, p. 421. Cayeux proposed to draw a trend- 
line from Crete westwards; I think we must retain the older view, which is also repre- 
sented by Philippson. • 
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great. There is a difference of opinion as to whether a secondary arc 
exists in Albania 

The encounter of the Burman and the Yarkand arcs might, as we have 
seen, be described as a normal linking with an eastern dominant, but the 
insertion of a foreign fragment (Assam) alters the case. 

The arcs of Yarkand and Iran meet in the syntaxis on the Jhelam, 
which is still traceable on the north as far as the Pamir. 

On the boundary between the Iranides and Taurides a syntaxis occurs 
between the secondary arc of the Alburs and extends through cast and west 
Karabagh and the east side of the East Pontic arc, while in the south 
the Persian chains of Zagros enter into syntaxis with the Taurus somewhat 
to the east of tlie meridian of Diarbekr 

The Dinarides surround the Adriatic as far as Monte Gargano and 
Monte Conero, near Ancona, and, maintaining an uninterrupted strike, 
vvliich turns, however, gradually towards the west, reach the southern side 
of the Alps. They not only retain this southwardly-directed folding of the 
marginal arcs, but are traversed by overthrusts as they make their concave 
bend towards the south-west^. 

The volcanos do not always stand in such obvious relationship with 
the mountain-structure as in the eastern periphery of Asia ; and they lie 
further towards the intenor. The Yarkand arc includes the liasalt zone of 
the Stok, which, accompanied by Eocene, occurs to the south of tlui gneiss 
chain of Ladakh, and will be considered later. 

A fragment of an arc formed of great volcanos surrounds the south side 
of the plain of the Helmund (Koh-i-Suitfin and others). Somewhat further 
towards the soutli-west and towards the exterior rises Koh-i-Tatdan 
(1,111 meters), and from this point onwards the volcanos appear to be 
arranged between the coulisses in a common zone which strikes towards 
the north-west. In this zone we must include Koh Hazar (south of 

’ Cvijic describes a secondary syntaxis near Skutari, Sitzb. k. Akad, Wiss. Wien, 1901, 
t‘X, pp. 437-478, map. A divergent opinion is represented by F. Baron Nopsoa, Zur 
Oeologie von Nord-Albanien, Jahrb. k. k. geol. Roichsaiist., 1905, LV, pp. S5-152, map, 
in particular p. 139. The observations of Vetters (Aiizeig. k. Akad. Wiss. Wien. 21 Dec. 
1905) show the complicated structure of this region. 

* A tectonic sketch of Armenia published by P. Oswald marks a ‘ Tanric horst ’ to the 
south of lake Wan, running to the south-east, '[’bis represents the bend of a part of the 
Zagros chains, still unfortunately but little known ; F. Oswald, Treatise on the (leology 
of Armenia, 8vo, Bceston (Notts), 1906, 516 pp., maps, in particular pp. 109 and 270. In 
addition for the west, the trend-lines in F. X. Schalfer, Oilicicn, Peterm. Mitth., 1903, Erg.- 
Heft no. 141, pi. I. G. W. v. Zahn (Stellung Armeniens iiu Gebirgsbau von Vorderasien, 
publ. by the Inst. f. Meereskunde, 1906, Heft 10, 89 pp., maps) and Schaffer (Grundziige 
ties geologischen Baues vom Tiirkischen Armenien, Peterm. Mitth., 1907, pp. 145 153, 
map) have since published divergent view.s. Pending further observations I may refer 
^0 1, pp. 632-636, and III, pp. 402-405. 

Xossmat, Palaeozoische Schichten det Umgebuiig von Eisnern und POlland, Verb- 
k. geol. Reichsanst., 1904, pp. 87-97 et passim. 



524 


ANALYSES 


[part V 

Kirman). The volcanos have been observed as far as the other side of 
lat. 85° N. In the vicinity of the syntaxis tlie same direction towards 
the north-west sets in, e.g. on lake Goktshai, but the number of tlie 
volcanos increases considerably ; they extend into the south-westerly chains 
of the Tanrides, and there seems to be no law as to their distribution. In 
the syntaxis itself rise the two parallel chains of Ararat (5,159 meters) and 
Tandurek-Aladagli. 

On tile secondary arc of the Alburs rises mount Demavend, affording 
the rare example of a crest volcano, and this is repeated in a striking 
manner in the adjacent bi’anch of the Altaides, namely, the Caucasus 
(Kasbek and Elbruz). 

It is only within the Taurides, on the border of the Lycaonian plain, 
that a fragment of an arcuate series is again seen (Erdshias-Dagh and 
others) 

Within the Dinarides a volcanic arc extends from Nisyros through 
Santorin. , 

Throughout the region of the marginal arcs, with the exception of tlie 
Dinarides, such continuous circumvallation occurs that closed drainage 
systems are produced. In the first arc there is the basin of tlie Yarkand, 
in the second that of the Helmund and the South Caspian, in the third the 
Lycaonian depression. The Dinaric enclosure is open to the sea. 

As the result of these comparisons wo see that the North Antilles 
(probably also the South Antilles), the Alaskides and all the island festoons 
as far as the Philippines, the Oceanides also, and in Asia the oppositely-curved 
Burman arc, present a similar structure, and that this structure, although 
less sharply defined, is also perceptible in the southern marginal arcs 
situated in great part on the mainland. 

The constant occurrence of the arc of active volcanos within the zone 
of forefolding is a remarkable fact. 

A nalysis of (ertaiii transverse sections. The filling up of depressions, 
the univei’sal action of denudation, and the advance of the mountains, all 
work together upon the continents to conceal tlie foredeeps, yet we perceive 
how commonly these features are indicated, either l>y a long outer zone of 
thick younger sediments, such as the Flysch, or a broad valley, such as 
that of the Ganges or the Guadalquivir, seatixl directly over the boundary 
between the foreland and the mountains. Frequently, however, the fore- 
deep has left no signs of its existence, and we are unalile to discover 
whether it has ever been present, or whether the mountains have stepped 
completely across its wKole extent. 

Although the Alpides occupy an exceptional position as representing 

« ’ A. Penther, Reise in das Gebiet des Erdschias-Pagh, Abh. geogr. Ges. Wien, 1905, 
VI, pp, 1-48, map. * 
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posthumous folding within the frame, yet they are known in such detail 
that we may select them as our first example. * 

In front of the Alps lie two sedimentary zones of varying breadth 
which sometimes becomes considerable ; these are the Flysch and the 
Mediterranean Molaase, beneath which, in the east, lie the thick upper . 
Oligocene beds of Dobrotov. 

Near Borydav (IV, p. 207), where numerous l)orings for ozokerite, 
sometimes 1,000 meters deep, reveal the structure of the land, the outer 
border of the Flysch is thrust in repeated flakes over the Mediterranean 
salt formation and the Dobrotov beds. Tlie two latter slope gently beneath 



Fio. 37. Di^ep borings at Boryslav (after Orzybowaki anil Miacynski). 
a, a, fissures with ozokerite. 

the Carpathians. At the same time the Dobrotov beds are arched up in 
an anticline, as a result of the general pressure which acted from the south. 

This is perhaps the origin of the crushed anticlines further west in the 
salt fonnation of Bochnia and Wieliczka. Still further west, towards 
Ostrau and Weisskirchen, the Flysch (sub-Beskidian and Boakidian zone) 
rests on the Carboniferous of the Variscan foreland. Even still further 
south, where the Jurassic of Nikolsburg, superposed on the foreland, is 
exposed beneath the outermost border of the Flysch (autochthonous 
Klippen of Uhlig), the case may be similar. In Lower Austria the contrast 
between the Bohemian mass and the Alps becomes sharper; they are 
•separated by a narrow but well-defined Mediterranean zone. Still further 
west lies that locality in Upper Austria, 17 kilometers from the visible 
I'order of the Bohemian mass, and 26 kilometers from the border of the 
Alps, where, as we have seen, the Bohemian gneiss bus been revealed by * 
boring beneath middle Tbrtiary sediments, 1,037 meters in thickness, 
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without encountering any trace of Alpine formations. In Bavaria the 
border of the foreland, marked from Regensburg onwards by the Danube 
fault ('flexure), departs from the Alps, and there the lower limit of the 
Bavarian rnolasse was not reached by boring at a depth of 600-700 meters. 

From the Black Forest onwards other conditions set in. The Jura 
mountains, altliongh stowed against the foreland, are attached to it. The 
Rliine trough forms a gap, and seveml arcs press into it, like waves into 
a bay. 

This feature is represented in the accompanying illustrations : fig. 38, 
a preliminary diagrammatic sketch by Steinmann, and fig. 39, by von Huene. 



Fio, 38. Tha Rhine talky mar Bdh', (after Steinmann). 

The chains are as foll<iws:— I, Biirserwald ; II. FJiihen ; III. Blaueuberg ; 
IV. Blauberg; V. Movelier ; VI. Mt. Terrible; VII. Clos du Doubs ; VIII. Claquo- 
relle ; IX. Mont; X. Rothm.atto ; XT. Rainieux ; XII. Haueniitein ; XIII. Weis- 
seiistein ; XIV. Chasseral ; XV. St. Verena. 


Near Kandcrn the Dinkelberg, which is continuous with the table-Jura, 
is thrown down by a fault. The Dinkelberg and the table-Jura represent 
the foreland. It disapptiars tow^irds the' south beneath the mount Terrible 
chain and the mighty overthrust wliich succeeds further towards the east. 
In the sou til- western p?irt of the table-Jura a fractured area is formed by 
subsidence, in which we stic the remains of one Jurassic arc to the south of 
Liesthal {L, fig. 39), and another to the north of it; as to the continuation 
of the latter into the Rhine ti’ough nothing is known. Tlie Burgerwald 
and Fluhen chains .are the foremost of the arcs which enter the trough ; they 
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arc followed by others. Near Liesthal it seems as though the subsidence 
had been renewed during the advance of the arcb 

This close connexion with the foreland is inaintained, and in the^cast of 
the Central Plateau, according to Michel L<.^vy, the mountains exert an 
effect upon the foreland. 

The sharply-marked northeni boundary of the Alps <locs not disappear. 

It folh.)WS the south border of the Molasse as far as the lake of Geneva, 
and if, at the time of the Molasse, a foredeep, or the commencement of 
a foredeep, were present here, it must have lain in the midst of the 
Helvetian region, lietween the Alps and the dura, thus affording a remote 
resemblance to tlie Caiman <l(‘ep of the West Indies. 



Fkj. 39. Fractured area in the Tafel-Jura (after voii Hiieiii?']'. 
I. Biirgerwuld chain ; II. Fliilien chain. 


Furtlier examples will lie found in the preceding chapters. Cases are 
also known in which the foreland, having been overpowered, was carried 
up again to the surface within the folded mountains. 

In the Caledonian zone of disturbance Nicol recognized, as early as 1844, 
that a series which rests on the western (foreland) gneiss dips again 
beneath the gneiss in the east; in 1860 he was able to state definitely that 
this eastern gneiss was carried up over this series by a dislocation, and 
Nicol tlius became one of the first representatives of the more recent 

* (j. Steiimiann, Bczichuiigen der oberrheinischen Tiefebeiie zu dem nordschweizer. 
Kettenjura, Ber. naturf. Oes. Freiburg i. B., 1892, VI, pp. h^O' 159 ; F. v. Hiiene, Geolo- 
giachc Beachroibung der Gegeiid von Liestal im Schweizer Jura, Verb, naturf. Ges. Basel, 
1900, XII, pp. 293-372, map; also A. Tobler,Jura im Sudosten der oberrheinischen 
Ticfebene, op. cit., 1898, XI, pi>. 283- 369, map ; and A. Buxtoif, Vor- oder altmiocilne 
Verwerfungen im Basler Tafel-Jura, Eclogae Gool. Ilelv., 1900, YI, pp. 176, 177; • 
I*'* Greppin, HOrnli bei Grcnzac?!, Verb, naturf. Ges. Basel, 1905, XVIII. 
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tectonic views. Since then the continued labours of the Geological Survey 
of Great Britain, in particular the work of Peach and Horne, and the 
investijgation of the ancient ciystalline rocks by Teall, have given us 
a deeper insight into the structure of this region. The gneiss has in fact 
been carried from the east, in masses more than 1,500 feet thick, over the 
Cambrian and pre-Cainbrian series, which rest in autochthonous super- 
position upon the gneiSwS of the foreland ^ 

Similar processes may have led to the exposure of the Variscan base- 
ment in the gneiss masses of the mont Blanc zone. 

For several decades past the notion that the Carpathians had advanced 
for great distances over an heterogeneous foreland was regarded witli 
profound scepticism. But it soon appeared that the views prevailing witli 
regard to the unilateral movement of the Alpine structure towards the 
north represented only a small fraction of the truth. What was manifest 
to the eye was declared to bo physically impossible. Now throughout the 
long chain of the Alpides, from the window of the Paring to cape de la Nao 
at the end of the Betic cordillera, we are acquainted with overthrusts of 
entire mountain masses on the grandest scale, and the window of the Hohe 
Tatra is repeated, for example, in the Trois Seigneurs of the Pyrenees. 

The question may be raised, whether the cause of these unexpected 
phenomena does not lie in the exceptional position of the mountains within 
the frame of the Altaides, and the restriction of all orogenetic activity to 
a limited interval in a meridional direction. This question can only be 
answered by the comparative method. To this end we will choose three 
types of different age, namely, the zone of Eriboll from the Caledonides, 
the coalfield of Belgium from the Variscan system (the comparison of 
which with younger mountains led M. Bertrand, many years ago, to most 
instructive conclusions), and, finally, parts of the Alps. 

We have already seen what peculiar and powerful movements are 
produced by the constriction of currents of \vater (II, p. 343) or tongues 
of ice (II, p. 844, fig, 36, and p, 358, fig, 37). The stream dives dowTiw^ards, 
with extraordinary power hollows out its bed into colks, carries heavy 
boulders upwards, and spreads them out. in an arc. The inland ice, as it 

‘ B. N. Peacb, J. Horae, Gunn, Clough, and llinxman, Geological Structure of the 
North-west Highlands, with petrological chapters and notes by J. J. H. Teall, cd. by 
Sir A. Geikie, Mem. Geol. Surv. Gr. Britain, 8vo, 1907, 668 pp., map. Here again we 
find the interpretation of the facte gradually becoming clearer. The structure of the 
Caledonides in Scandinavia, overthrust on both sides, and the attempts made to explain 
it (III, p. 395}, will not again be discussed here ; the supposition that the covering 
segments, which in part resemble gneiss, belong to a Devonian transgression can scarcely 
be the solution. This view presupposes a mighty dynamic alteration, and consequently 
great tectonic processes after the time of the Devonian, an assumption which is supported 
« by no other evidence. Cf. K. 0, Bjdrlykke, Centr. Norges Fjoldbygniug, Norg. geol 
Unders., 1905, no. 39*610 pp., map. • 
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comes down between the nunataks, flows with accelerated velocity, carries 
the ground moraine up from the bottom and spreads it out in an arc over 
the ice in front. The latter occupies the position of a foreland, and fig. 36 
shows indeed, to the south of Nasausak, two arcs lying one behind the bther. 

Different as these cases may seem from those of mountain building, yet 
they illustrate the occurrence of important upward movements, and show 
their tendency to find expression at the surface in regular arcs. 

In the Alps we can distinguish with the greatest clearness three horizons 
of movement. The first movements are the uppermost, and the most 
cftcctive in bringing material within reach of denudation. The sheets rise 
from the depths on a gently asceiuling Hole-plane^ then frequently, but not 
invariably, climV) over a rolling ridge or ‘yoke’ (Joch)^, above which they 
fonu a dome (Lugeon’s ‘carapace’), and beyond the yoke they reach a 
dm'endiag sole-plane. As they move over this the force of gravity may 
lead to acceleration and tension, and thus give rise to the phenomenon 
which Reyer many years ago described as glide-folding. Beyond the descend- 
ing sole-plane the sheet breaks up into simple or steeply-upreared flakes 
(Deckschollen), or it may happen that the movement of the sheet is retarded 
or arrested next the sole-plane while it continues its advance uncliecked 
above, so tliat the upper layers of the sheet move on something like the 
scoria3 of a lava stream, ^vhich travel fastest on the surface, are carried 
down by rotation at the front, and form a pavement beneath the stream 
on its bed. Such a movement gives rise to the rotated fold (Drehfalte). 
Sou'ietimes these ends of the sheets lie in basinsy some of which may have 
been scooped out, while others are due to the weight resting on them. 

The yoke may be a foreign body or an accumulation of earlier sheets. 
It must be ilistingiiished from later arching up. 

Still deeper lie the very extensive sole-planes upon which the most 
important movements take place, such as that of the Dinarides towards the 
A.lps ; of these we will only observe tor the present that they do not seem 
in any way to owe their origin to folds. 

(a) The zone of Eriholl (II, p. 82 ; III, p. 397). In this zone, as we 
have already seen, observations have been made on the great overthrusts 
by Nicol, Lapworth, Hicks, and Callaway, and the Geological Survey has 
issued such a ma.sterly report by Peach and Horne and their colleagues 
that it may almost be said to make the inouiitains transparent The 
strike is to the north-north-east ; the movement proceeds from the 


* In the original ‘ ein sattelffirmiges Joch ‘ Saddle-like * would be a misleading 
translation, as only one curve of the saddle is intended, that namely given by a section 
from side to side. ‘ Joch * is also used in a rather special sense : the English word 
‘yoke once used to denote a chain of hills or a single hill (Troutbeck yoke), may serve 
iis an equivalent. [Note by Editor.] 

Peach, Horne, and collaborators, in Geological Structure of the North-west Highlands, 
c., Mem. Geol, Surv. Gr, Britair^ in particular p. 463 et seq. 

M m 
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eastrsouth-east ; and from the same direction come the ascending sole- 
planes« Some of the planes of movement have l>een originated in over- 
turned folds; other planes which form an imbricate structure have not 
been jiroduced by folding, and their angle of inclination differs from that 
of the greater planes of transport (major thrusts). The latter vary a little 
in their strike and clip, the inclination as a rule being gentle. Each major 
thrust may be overridden by one following it. The rocks of the east may 
be carried along them, over all other disturbances, away to the foreland in 
the west. The gneiss of the east may even come to rest on the flat-lying 
Cambrian beds of the west. On the brow of advancing sheets friction at 
the base may produce a tendency to overfold the brow from above for- 
wards, so that the upper part inserts itself in reversed order beneath the 
sheet itself, that is beneath the gneiss. Thus vre have something resembling 
a recumbent fold, as on Ben More (fig. 40). 

On the extreme western border overlapping folds occur, or imbricate 
structure, and also detached segments, bounded by a circular dislocation. 

S Ben More N. 





Cb Cb CcCd‘CcCd^Ce T A rg qo ^ 8* 

Fio. 40. Rofatad Fold of Ben MorCj Assynt (after Peach and Horne). 


A, Ancient Gneiss ; Basalt dykes in the Gneiss ; B, Torridori sandstone (Pre- 
Cambrian) ; C, Cambrian (Ca, basal Quartzite ; Cb, Pipe rock ; Cc, Fiicoid beds; Cd, Sorpulite 
grit ; Ce, Limestone) ; F, Intrusive rock ; T, Ben More thrust plane; t, t, minor thrusts. 

These are the basins or pans; several pans may even occur (e.g. Loch 
Lamarscaig, op. cit., p. 593, fig. 66) one behind the other. 

Finally, among many other interesting facts it may be noticed that in 
the north, west of Loch Eriboll, fragments of the foreland, along with 
fragments of the overthrust border, which rests upon them, are let down 
along great faults. Some of these are strike faults, others transverse 
(flaws, perhaps), and the horizontal displacement along one of the latter 
amounts to 8 kilomete)*a Tlie trough-like suKsidonce is Durness Basin 
Thus in the zone of Eriboll there arc several ascending sole-planes; 
they are thfe ‘ major thrusts ’ and are distinguished by special names such 
as, Moine thrust, Glencoul thrust, and others. The yoke is often indicated 

• Op. dt, pp. 479, 487, figs, gl, 23. 
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in sections by a curved dotted line. Not much mention is made of 
descending sole-planes; typical basins, however, with recifmbent flakes 
(Deckschollen) occur in the west, 

(6) The Belgian coalfield (I, p. 141 ; II, p. 92). Here the Faille du 
Midi plays a part somewhat similar to that of the Moine thrust in Scot- 
land ; in fact the movements seem to be restricted even more closely to this 
surface. The Faille du Midi carries Silurian and Devonian from the south 
up an ascending sole on to the Coal-measures, and it is present on both 
sides of the syntaxis of Valenciennes. 

In the west, near Lens (Pas de Calais) it ascends, according to Barrois, 
at an angle of less than 25° : the Coal-measurcvS which lie beneath it are 
compressed into a basin inclined towards the south. A pinched-in frag- 
ment with reversed bedding is visible on the border of the Faille du 
Midi ; Gosselet terms such fragments ‘ Larnbeaux de pouss^e ^ 

In the cusp of the syntaxis, according to Chapuy’s description, the same 
Coal-measures pass, in spite of all disturbances, from the Variscan into the 



Arinorican region Here Marcel Bertrand drew the section upon which is 
based that comparison lietween the Provencal folds and the Alps which 
was destined to exercise so great an influence upon our conception of the 
Alpine structure. We will adopt for the present the terminology of his time. 

FF (fig. 41) is the Faille du Midi; ail and d resting upon it is the 
‘massif charri^'; all that lies in front of it is cut through here by a 
disturbance so that two parts are formed (lambeau de poussde and lame 
de charriage), and in front of them, outside the principal disturbance, there 
lies a narrow boundary zone (retroussd). All these parts rest upon the 
principal coal basin {ca and A); M. Bertrand conjectured that they had 
sunk down owing to their own weight *,. Cornet and Briart bad already 

* C. Bari^ois, L*extenaion du Silurien sup^irieur dans le Pas-de-Calais, Ann, i?oc. geol. 
du Nord, 1898, XVII, pp. 212-225 ; Gosselet, L’Ardemie, 4to, 1888, p. 735. 

^ Chapuy, Note sur la (tonstituiion du midi du bassin houiller de Valenciennes, Ann. 
^es Mines, 1895, 9« ser., VIII, pp. 192-217, map. 

M. Bertrand, Sur le raccordenlent dc?s bassins houillers du Nord de la France et du 

Mm2 • 
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attempted, in the year 1877, to explain these strange phenomena. They 
thought that great overfoldiiig had occurred, then subsidence on the north 
side, and not till later the overthrust on the Faille du Midi (I, p. 142, fig. 17). 
Particular stress was laid on the reversed position o£ the beds in that frag- 
ment which Gosselet termed the lambeau de pousst'e. Gosselet himself 
declared that subsidence in the north was the cause of the great fore- 
folding. Later, in the year 1894, Briart brought forward a new theory 
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thftt the Fiiille de la Tombe, which lies immediately in front oi the ascend 
iiig sole (Faille du Midi), must be regarded as the pan. 

According to this description the filling of the pan consists of thef three 
wedge-shaped pieces I, II, and III. If these are regarded as forming a 
whole, they present a reversed bedding, extending from d,^ to h. It was 
this reversed order which attracted the attention of Cornet and Briart in 
1877 , and led them to assume the presence of a subsidence. 

After a series of systematic studies, among which we must mention 
those of Dorlodot, Brien came to the conclusion that the series I + II + III, 
included in the Faille de la Tombe, does in fact form a single whole, and 
must be regarded as an overturned fold \ 

Thus ^ve ai^ive at the conception held by Hootch investigators vdlh 
regard to Ben More, namely, that of the rotatexl fold. The movement along 
an ascending sole has been arrested. The upper beds h^ and Ag of this thick 
sheet have continued the movement, and are folded over the northern 
margin of the sheet. The h in the basin is not a part of the subjacent h^, 
marked normal, but has been transported a long way from the south and 
carried high up over tlie Faille du Midi. 

The extensive investigations of Fourmarier to the east, between Liege 
and Verviers, have fumishjed the following rather unexpected result^ : — 
Coming from the south-east we encounter first the syncline of the 
Eifel, and then the broad anticline of the Ardennes, from the northern 
part of which projects the pre-Devonian mountain core of Stavelot (Hohe 
Venn). This is followed by the syncline of Dinant and its north-eastern 
continuation on the Vesdre, then by the coal basin of Herve, and the north- 
easterly continuation of the coal basin of Namur, The whole formation 
follows the general Variscan movement, which is here directed towards the 
north-west. The Faille du Midi is splintered up. 

Near Theux, to the north-west of Spa, the singular Massif de Them: 
makes its appearance, pushing its way beneath the Cambrian and lower 
Devonian rocks of the overthrust northern border of Stavelot. It presents 
a series of beds ranging up into the Coal-measures h,^. It has been regarded 
as downthrowri ; acxiording to Fourmarier, it is a window, not indeed of the 
adjacent basin of Dinant, but of the basin of Namur situated to the north. 
The Houthcni basin (Dinant) has been carried forward for a distance of 

^ V. Brien, Description et interpretation de la coupe de calcaire carbonifere de la 
Bambre a Landelies, Ann. Soc. geol. Beige, 1904-1905, XXXII, Mem., pp. 239-259 ; Lohest 
(Observations an travail de M. V Brien, etc., tom. cit., pp. 257-^60) believes that the pheno- 
menon is a great faulted fold ; according to this view the Faille de la Tombe becomes 
the continuation of the Faille du Midi. This does not alter the fact that the contents of 
the pan were derived from above. 

* P. Fourmarier, La structure du Massif de Theux, Ann. Soc. geol. Beige, 1906, XXXIIJ, 
Mem., pp. 111-1,^8, maps ; and La tectonique dc TArdenne, op, cit., 1907, XXXIV, M4m., 
pp. 15-124, maps. ^ 
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about 15 to 80 kilometers. The coal basin of Herve belongs to it, and 
rests as a recumbent jflake on the northern basin (Namur). This northern 
basin* (Namur) appears near Theux as a window beneath the southern 
basin (Dinant). 

Proceeding from south to north, let us attempt to apply the expressions 
employed here to Founnarier’s conception. 

The outrunners of the Faille du Midi which make their appearance in 
the mass of Stavelot represent the ascending sole. The dome over the yoke, 
now denuded away, lay high above the window of Theux, and once united, 
across Theux, the basin of Namur with the Coal-measures of Herve. In 
this way we have arrived at a new tectonic conception, the window on 
the yoke. 

Let us now turn to the deeper-lying movements. 

In 1894 it was shown by L. Cremer that the coalfield of Westphalia is 
cut through by oblique thrust-planes, dipping at a variable angle with an 



average of lb"", along which parts of the same coal-seam may lie 7(K) 
meters, or in one case probably much more than 1,000 meters, distant 
from one another. Such thrust-planes may be followed along the strike 
for a distance of 28 kilometers. They are folded with the Goal-measv.reSy 
and consequently older than the folding and not the result of it \ 

The breadth of the principal coal basin of Belgium normal in 
figs. 42 and 43), measured at .the outcrop in the Hennegau, varies from 9 to 
15 kilometers. Fig. 44 presents a generalized section of part of fhis 
basin. Oblique planes, all inclined towards the south, and all slightly 
concave upwards, cut through the Coal-measures. Towanls the south they 
lie flatter, towards the north steeper, and each one becomes steeper as it 
approaches the surfacq. This is the rule as far as the Pas de Calais. The 
Faille du Placard splits up, and each branch follows the same law^ 

^ L. Cremer, Ucberschiebangen des westflilischen Steinkohlengebietes, GldckauC 
Essen, 1894, nos. 62- 65. 

* A. Briart, Les Couches du Placard (Mariemont), Ann. Soc. geol. Beige, 1898, XXI^* 
pp. 237-255 ; cf. Har^. and Habets, Notes, op. cit., 1899, XXVI, M6m., p. 129. 
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Smeysters has published a varied series of these 
sections On these planes, almost without ex- 
ception, the southern part is thrust up over the 
northern. Thus in the district of Boubier 
(Charleroi), for example, an anticline over- 
folded towards the north is cut through obliquely 
by ''the Faille du Carabinier, which ascends 
towards the north at an angle of 10®, and one 
of its moieties is carried upwards for at least 
1,000 meters. On the Faille d’Ormont the 
ascent amounts to over 2,000 meters In the 
examples selected from Westphalia the folding 
was younger than the thrust-planes, but here 
it is older. 

There is no doubt that the principtil coal 
l)asin of Belgium, regarded as a whole, is a 
.syncline over folded towards the north, since it 
is bounded lx)th on the north and south by the 
Carboniferous limestone, and on both sides it 
begins with the lower Cpal-measuras. In the 
south, however, it extends beneath the Faille du 
Midi ; and if we imagine these concave planes of 
'movement to be prolonged in the same direc- 
tion, then the whole coal basin would be divided 
into a number of concave] wedges, lying obliquely 
puo upon another, which have been thrust 
upwards and northwards more or leas against 
one another by independent movements. This 
, movement of the wedges is due to their efforts 
to escape the tremendous pressure exerted from 
the direction of the Faille du Midi. This pressure 
still manifests itself in earthquakes. The earth- 
quakes of February 23, 1828; of November, 
1^1; and of September 2, 1896, proceeded 
from the Faille du Midi, and Smeysters there- 
fore describes them as ' s^ismes de chevauche- 
ment ’ ; they recall the Kangra earthquake which 
proceeded from the planes of overthrusts in the 
Sewalik mountains. 

' J. Smeysters, Etude sur la coustitution de la partie 
orientale du Bassin houiller du Hainaud, Ann. Mines 
i^elge, 1900, V, 127 pp., maps. . 

Smeysters, Ann. Mines Beige, 1900, V, pp.68 and 
123, fig. 24. 
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FfO. 4.5. Jiectmibenf. Fold of Glm'us (after Albreclit Heim). 

Tertiary Nagelflue ; e, Lower Tertiary Plysch ; c, Cretaceous ; J, Jurassic ; /, Helvetian Trias (Rothi Dolomite) ; V, Verrucano. 
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Planes of povement, such as the Failles du Carabinier, du Placard, and 
the othere shown on fig. 44, cannot therefore be described as faults; 
neither are they produced by folding ; they are planes of a special character. 
We will term them listric planes (Xiarpov, a shovel). 

The Alps- The section of the Simplon (IV, p. 124 ; fig. 17) shows 
broad dotted arcs, convex above. Similar lines may be seen above the 
section of the fold of Glarus (fig. 4.5)* and above each of the general 
sections of the Swiss Alps, which have been published during recent 
years to illustrate the views of Schardt and Lugeon on the Alpine sheets. 
These lines are intended to show that there are ascending and descending 
soles; that broad yokes were once present high above the existing Alps, 
which have been destroyed, and tliat the whole of the Helvetian Alps 


NW 20^2 



T, Trias (Tc, Rauchwackc ; Td, limestone) ; Si, Lower shales and limestone ; Bi, Lower 

Cr, Cretaceous ; Fin, 


from the lake of Geneva to the Rhaeticon is surrounded by the remains 
of Lepontine domes. Thus this part of the Helvetian Alps becomes as it 
were a window with a Lepontine frame (IV, p. 154) or it may be described 
as a great window in tlic yoke. 

The Dent Blanche is a fragiiient on an ascending sole : it is probably 
derived from the Dinaric border, and it presents I^epontine rock resting 
on Lepontine rock. The Lepontine recumbent flakes near the northern 
border of the Flysch reached their present position on a descending 
sole, crossing regions in which the groat chains (Wildstrubel and others) 
were produced at a later period of folding. 

It is precisely in these cases, however, that the sole has least the appear- 
ance of a single shaqj plane of dislocation ; it seems much rather to be the 

* Albrecht Heim, Bail der Schweizeralpen, Keujahijjblatt der naturf. Ges. fiir 1908, 
BO. 110, 4to, Zurich, 26 yp. 
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sum of such planes lying between the extremely elongated middle limbs of 
dragged-out folds. This elongation must have taken place rather slowly 
in those cases whore it has produced marinorization of the limesto;ie beds, 
since solution and crystallization are improbable accompaniments of a 
catastrophe ^ 

These facts, however, greatly modify the conclusions drawn from the 
transportation of recumbent flakes over long distances. It is thus difficult 
to resist the suggestion that a certain amount of persistent gliding has 
occuiTed over the northern descending sole, so that here the older con- 
ception of Reyer again comes to the front 

The zig-zag folds of mont Joly (IV, p. 117, fig. 16) show how horizontal 
anticlines and synclines are produced by constriction from above downwards. 


Muflenkopf SO 

1700 



Freiburg (Proftlpos mOdianos), after .liweard. 

Brec«ia ; Dm, Doj;ger or Lower OoUto, with Mytilus ; M, Malm, or Middle and Upper Oolite ; 
Niesen Flysch ; FI, Flyscli. 

It almost seems as though a mountain segment of much greater size had 
passed over these folds and had, so to speak, taken them with it. 
The ends of the plunging sheet or rotated folds arc, however, more 
difficult to explain. 

Jaccard’s description of the Hornfluli may serve as an example 

' Arnold Heim states with regard to the upper Cretaceous limestone of the Santis 
that when it is drawn out to twice its original length only the arragonite shells of the 
Foraminifera are calcitized. When the extension is fivefold, half of the whole mass is 
converted into calcite with a fibrous structure. Whether the extension ever rises to 
twentyfold cannot he tested in this manner because the process of calcitization would 
already have advanced too far (Arnold Heim in Albrecht^ Heim, Sfintis-tSebirge, p. 471 
et seq.). 

^ K. Reyer, Theorotische Geologic, 8vo, Stuttgart, 1888, p. 475 et seq. ; Deber 
Heformationen und die Gebirgsbildung, 8vo, Leipzig, 1892, p. 16 et seq. 

* F. Jaccard, La region de la breche de la Homfluh, Bull. Lab. Geol. Lausanne, 1904* 
no. 5, 205 pp., map ; and La region Rubli-Gummfluh, Bull. Soc. Vaud. Sci. Nat., 190?, 
XLIII, pp, 407-548, map ; also de Girard et Schardt, Programme de I’excursion dans les 
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Here we stand between lake Thun and the lake of Geneva, to the 
south-west of'Saanen. The basement is formed of Flysch and upper 
Cretacwus. The alien superposed series does not form true flakes but is 
represented chiefly by two lenticular masses, 8| and 7 kilometers in length, 
the Gummfluh (2,461 meters), and the Rubli (2,288 meters) which form 
part of Lugeon’s series of breccia sheets (IV, p. 152). Judged by their strike 
these masses are divided into 3, 4, or 5 strips, more or less separated 
by Flysch, which represent so muny wtated folds oveHaking one another. 
Tliese rotated folds or ends of plunging sheets are sunk into the Flysch 
from south-east to north-west ^ 


The complete rotated fold begins on the south .side with the lower Trias, 


Jdattstoch 



Fio, 47. Tfie MaUsto<k between 77<wn and ihc Walensef- 
(after Arnold Heim), 

Ci + Ca, Valengian ; Cj, Siliceous limestone; 
Drusborg bod ; Schrattenkalk ; FI, Fiydch ; /», 
Numxnulitlc bed.s. 


and this is followed by the 
whole of the Mesozoic series 
as far as the upper Jurassic, 
which rises high in steep 
rocks. This series surrounds 
in an arc the oldest core of 
lower Triiis. The structure is 
the same as that of Ben More 
and Fontaine-rfivetiue, but 
here, as we have seen, it is 
repeated five times in succes- 
sion. In each case, the whole 
series must have bent down- 
wards as far as it could go, the 
sheet must then have moved 
forwards, and another rotated 
fold must have separated oft* 
as the upper part acquired a 
higher velocity. This process 
is only conceivable if wo 


consider the nature of the 


Flysch. It would seem that the Flysch was not capable, by itself, of sup- 
porting the sheet and this in its forward movement always found a basis 
of attachment in the preceding rotated fold which had already sunk itself 
to the lowest limit. This is the reason why the descending lobes follow 
each other in such close succession ; indeed it may even happen that one 
is almost eral^edded in that preceding it. 

Alpes de la Gruyere et du Pays d’jSn-haut vaudois, Eclogae Geol. Helv., 1908, X, pp. 165 - 
195 et passim. 

' * Tetes de pli-faille, plantdes dans le flysch ’ . . , Jaccard, Rubli>Gamm6uh, i>. 455 et 
passim. A beautiful example is given by Lugeon south of the lake of Geneva on the 
Drance near St. Jean d’Aulph (Grandea Nappes de Becougrement, Bull.Soc. geol. France, 
1902, 4« B4r., I, pi. XII, fig. 2). 



539 


CH. XIV] KOTATED FOLDS OF THE PRE-ALPS 

In addition, lobes of Cretaceous occur which, according to Jaccard’s 
statement, do not belong to the series of rotated folds, but more or less 
envelop them and plunge down with them into the Flyscli. 

In the east, north of the Walensee, a thick conglomerate, the Nagelfluh 
of the Molasse, lies opposite the advancing border of the Alps. It dip.s 
towards the south. Arnold Heim and E. Bliimer have made us familiar 
with the mode of contact The rigid Nagelfluh is interrupted along the 
zone of contact by hollows possibly due to erosion. Into these the Flysch 
has been driven like a plastic mass, and the great advancing sheet of 
Cretaceous limestone rears itself up, creeps upwards over the Flysch, 
assumes a vertical position, and finally tunis over bfickwards. Arnold Heim 
has termed this a turnover klippe. It is the reverse of a rotated fold ; 
in the Mattstock the movement takes place from below upwards, and the 
oldest member of the series lies towards the exterior (syncline, fig. 47) ; 
in the rotated fold the movement is directed from above downwai'ds, and 
the youngest member, outstripping the others, lies on the exterior (fig. 46, 
anticline). 

It is precisely these ends of the sheets which have directed attention 
anew to the diminution of the earth\s circumference, which they indicate. 
In the case of the individual sheet, the end of which may lie 80 kilo- 
meters or more away from the root, two circumstances must be taken 
into account : first, the supposed gliding on the descending sole ; this is, 
strictly speaking, a secondary phenomenon, but may have had some eftect 
in determining the distance traversed ; secondly, the stretching of the rocks, 
w^hich may be left out of account in estimating the length of the path, but 
is of some importance when considered in connexion with the correlated 
reduction in the length of the eai'th's circumference. It may diminish this 
reduction to the extent of a fifth, or tenth, or even some smaller fraction. 

It is the number of sheets lying one upon another, as seen in the 
Swiss alps, which most impresvses us wdth the magnitude of the phenomenon ; 
it is impossible, however, to arrive at a numerical estimate. 

But even in these outer enveloj)es of the Alps the intiucnce of the load 
due to overlying rocks is already unmistakable. Tl\e greater this is, the 
more the contrast in the nature of the rocks disappears, and the conception 
of a general flow comes to the front. For this reason, Sollas, when he 
employed in his experiments a ‘glacier of pitch’, instead of alternating 
layers of rigid and plastic material, came a step nearer to nature and was 
even able to produce genuine ‘ recumbent folds that is, rotated folds \ 

i 

‘ Arnold Heim, Brandung der Alpen am Nagelfluh-Gebirge, Vierteljahrsehr. naturf. 
Ges. Ztirich, 1906, LI, pp. 441-472, map ; E. Bluiner, tom. cit., pp. 47B-480. 

W. J. Sollas, Recumbent folds produced as a Result of Flow, Quart. Joum. Geol. Soc., 
1906, LXII, pp. 716-721. Heufi we may refer to B. Willis's beautiful figure in Ann. Rep. 
U. S. Geol. Surv., XIII, 2 pi, XCVI, B. 
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In spite of all this we are left with the impression that the adv^ance of 
the Lepontinc sheets far over the Helvetian formations was only an episode, 
and the subsequent up-folding which produced the great Helvetian chains 
was a process quite independent of it. This later process altered tlie 
Lepontine sole, and the great lower-lying planes of movement are easier 
to trace in the east. 

In the Ea^^t Alps, notwithstanding the numerous questions which still 
remain open, we see clearly the adv ance of the Dinarides towards the north 
over the East Alpine sheet, then of the East Alpine over the Lepontine 
sheet, and of the Lepontine over the Helvetian sheet. Nowhere are 
recumbent folds or other details of this kind so far known. In general, 
however, the following comparison may be permitted. 

As soon as the older Helvetian formations (although subsequently up- 
folded again) gave the fii-st impulse, in a part of Switzerland, to the forma- 
tion of the yoke whicli the I^epontine sheets were forced to ascend, an 
extensive Lepontine i*ange, the Tauern, iK^came the yoke which the cast 
Alpine sheet has ascended. The window, from which the Lepontine sheets 
look out, lias been formed, not only l)y erosion, but possibly also by rending 
of the sheet. It is a window on a yoke, like the little Massif de Theux in 
Belgium, and like a part of the Helvetian Alps within the girdle of 
Lepontine remnants. 

The anticline folded on the core of tlie Tauern, which was so long 
regarded as a proof of the symmetrical structure of the Alps, now forms 
with its soiithem limb the ascending sole, and with its northern limb 
the descending sole of the east Alpine slieet. It is not impossible that tins 
Easteim Alps, like the Bernese Alps, were subsequently up- folded. The 
limestone zone, \rith its concave sole, holds the position of a recumbent 
flake in a basin. 

Concerning the sole-planes of these great movements we can as yet say 
little, except that tliere is nothing to show they originated in folding; that, 
like the major thrusts of Caledonia and the listric surfaces of Belgium, 
they probably ascend obliquely at a gentle angle, and indeed that they 
were already in existence as gently ascending planes before the folding. 
This supposition seems at least to correspond with the fact that the East 
Alpine sole, below the Selvretta and the Oetz, bears upon its surface great 
crystalline masses, and that these disappear towards the north from alxive 
the f^ole, so that on the boundary of Flysch the sheet does not extend 
downwards beneath the Trias. 

An instinctive study is ^ifforded by the Carpatkimis, 

Marcel Bertrand has repeatedly flrawn attention to the fact — and 
especially in a lecture delivered in 1894 at Zurich — that certain sedimentary 
Jfacies are repeated in the great ranges. As examples, he mentions ; the 
sediments which been transformed into gnfeiss, the Carboniferous, the 
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Cretaceous and Eocene Flysch, and 
finally the molasse. These are said 
to have collected in depressions, and 
tlien to have been involved in the 
formation of the mountains. The 
Carboniferous of the West Alps is 
termed ‘ un Flysch houiller ’ ^ 

At the time when these views 
were expressed they were merely con- 
jectures, but the conjectures of a 
master mind. They were understood 
by few. It is now known that a 
j^irdle of Coal-measures accompanies 
the whole outer border of the western 
Altaides, wherever this border is visi- 
ble from Silesia to the otlier side of 
the Mississippi, and that near Paru- 
Hchowitz in Silesia its lower limit was 
not reached by boring at a depth of 
2,003 meters. In like manner tlie 
Flysch is known on tlie outer border 
of a number of mountain chains. 

The structure of the Belgian Car- 
boniferous would be unknown were it 
not for mining operations ; that of the 
Flysch may be recognized wherever 
rocks of some resistance arc inter- 
Ciilated with it. 

The extremely regular arc of 
klippen which surrounds the Hohe 
Tatra indicates an extensive move- 
ment towards the north, which can 
only have been directed obliquely 
from below upwards. When Lugeon 
wrote his famous treatise on the 
Carpathians he had no doubt that the 
klippen had emerged in an arc from 
below, out of the Flyscli. Uhlig, while 
supporting Lugeon, has taken an even 

^ M. Bertrand, Structure des Alpes fmn- 
Vaises et recurrence de certainea facies s<§di- 
mentaires, C. R. VI. Congr. geol. intern. 
Zttrich, 1894, pp. 163-177. 
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broader view of the facts. He believes that the ' surging frontal region ’ 
of the Pienine' klippen emerges along oblique planes from beneath the 
Hohe Tatra (fig. 48, W, W). 

Tke^e planes of movement If", W are listric surfaces. They correspond 
to the Faille du Carabinier and other faults in Belgium. They first ascend 
gently, and then become steeper ; they bound a number of wedge-shaped 
bodies which may be thrust northwards one against the other, and it is 
very probable that the arc of klippen was brought to the surface upon 
these listric planes. 

With this our series of comparisons comes to an end. The structure of 
the Alps may be recognized not only in its main features, but also in many 
of its details, in the zone of Erilx>ll and in the Belgian coal-field. The 
Flysch and the Coal-measures were laid down under very different circurn 
stances, but in tectonic processes they play similar parts. 

This analysis leads for the present only to the conclusion that the 
tiingential force acting in one direction expresses itself mainly in two 
independent forms, namely as folding and as the movement of isolated 
fragments, or even of great masses over surfaces ascending obliquely from 
below. The listric planes lie in compressed synclines and are a part of 
them. Their concave form is possibly only a consequence of the fact that 
their forepart has been less heavily weiglited. ' The sole planes of the 
major thrusts — the Faille du Midi, the Alpine sheets, and the Dinarides — 
belong to another order of things. All these planes are distinct, both in 
their origin and nature from the disjunctive planes. 
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THE DEPTHS 


Classification of the depths. Emission of gas, batholites, ores. Intrusion by melting 
through. Passive lateral injection. Green atones. 

Classification of the depths. In the following discussion of the depths 
of the earth we will take for our starting-point tlie parallel drawn by 
Daubr^e between the total mass of the meteorites preserved in collections, 
and the total mass of the earth. According to this parallel the assumption 
that all meteorites were once arranged according to their density as parts 
of a common mass lead us to the conception of a lx>dy constituted like the 
earth. A core of nickel-iron (e. g. the meteorite of Agram or Elbogen) 
would be followed by an envelope of nickel-iron with peridote (e. g. 
Rittersgriin), and this would probably form the transition to a less 
ferruginous envelope of magnesium silicates (Chassigny). Then the felspar- 
bearing rocks would begin (cucrite; Juvinas, Stannern). But the resem- 
blance does not end here. The acid felspar rocks of the earth are 
represented among the meteorites, so far as their chemical composition 
18 concerned, by the once completely molten tektites (Moldavite, Australite, 
Billitonite). The lightest carbon-bearing meteorites might be regarded as 
tuffs. 

Thus Daubrde’s parallel leads us so far, that we may now venture to take 
a step further. When yvo consider the recurrence of definite petrographical 
types in the several cases, the discovejy of small celestial lx)dies outside 
the orbit of Jupiter, and inside the orbit of Mars, and the probability that 
certain planetoids are angular fragments, we are led to regard the meteorites 
as planetary fragments, possibly parts of an anonymous body once occupying 
the gap between Mars and Jupiter^. 

’ Einzelheitcn in der Beschaffenheit einiger HinimelskCrper, Sitzb. k. Akad. Wise. 
Wien, 1907, CXVI, sect. 1, pp. 1555-1561. As is well known, the theory of the cosmic 
origin of meteorites is based on the great rapidity with which they enter the atmosphere, 
but the observation of this fact is attended by so many difficulties that the most distin- 
guished astronomers have obtained for some cases a hyperboli<5 and for others an elliptical 
path. The fact that the hundreds of known meteorites may be divided into a small number 
of groups (three to five or six), indeed that a petrographical classification is possible at 
all, is a decisive argument against cosmic origin. Soon after the appearance of this 
work G. Tscherznak published an extremely comprehensive study, according to which 
meteorites of a similar nature roach the earth at intervals of a year, or with a regular 
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Further, we assume the existence of three zones or envelopes as deter- 
mining the structure of the earth, namely, the barysphere or the Nife 
(Ni-Fe), Sima (Si-Mg), and Sal (Si-Al). This division differs from the 
classification which has been proposed by distinguished American petro- 
graphers, in the separation of the metallic barysphere (Nife). 

Wiechert arrives, on mathematical grounds, at the existence of a rocky 
mantle, 1,400 kilometers in thickness, with a density of 3 0 to 3‘4, and 
within this of a nucleus of iron 5,000 kilometers in radius, with a 
density of 7*8 ; he finds confirmation of this in seismic observations, from 
which he infers the existence of a comparatively sharp boundary at a depth 
of about 1,500 kilometers. Oldham also conjectures from seismic observa- 
tions that a boundary exists at a depth eijual to about one-fourth of the 
radius (1,594 kilometers), and this corresponds in a striking manner with 
Wiechert’s calculations ; but this Hmit only holds as regards the propagation 
of earthquakes beneath the Pacific Ocean and not beneath the Eurasiatic 
Continent 

Let us return for the present to the other method of comparison. 

In meteoric irons the heavy metals are alsb met with. Davison, for 
instance, hjis found platinum and iridium, and Liversidge gold On the 
earth these metals occur where we should be most inclined to suspect 
an autochthonous origin, in the Sima, and particularly, as among the 
meteoric irons, in association with nickel, chromium, and iron. In the 
nickel ores of Sudbury (Canada), which w'e shall discuss directly in greater 
detail, it pays to separate the platinum from the nickel. It makes ite 
appearance in this locality as sperrylite (Pt As.^). Vogt records gold and 
platinum from Scandinavian nickel ores. The platinum grains of Nishni- 
Tagilsk occur in chromite (or limonite), according to Inostranzeft*. The 
richest finds of platinum in North America occur on the river Similka- 
meen (British Columbia), in a Sima chromite-bearing region. Kemp states 
that sometimes chromite and sometimes platinum was excreted first. Beck 
mentions cases in w^hich platinum and osmiridium did not separate out till 
after the consolidation of chromite and pyroxene 

displacement of the annual date of falling (e. g. six falls of eucrites with a regular advance 
of the node). This does not close the question of the cosmic origin, but opens up a new 
and important path of inquiry ; Tschermak, Ueber das Eintreffen gleichartiger Meteore, 
tom. cit., Abth, II a, pp. 1407-1441. 

* E- Wiechert, Massenvertheilung im Innem der Erde, Nachr. Ges. Wiss. Gottingen, 

1897, pp, 221-243 ; Was wissen wir von der Erde unter uns ? Deutsche Rundschau, 1907, 
pp. 376-394 ; R. D. Oldham, Origin of Oceans, II, Quart. Journ. Geol. Soc., 1907, pp. 344 
350, in particular p. 347. » 

* Liversidge, Proc. Roy. Soc. NtS.W., 1902, p. xxix ; such occurrences have long been 
conjectured a priori, E, Suess, Die Zukunft des Goldes, 8vo, Wien, 1877, p. 354. 

’ A.InostranzefP, Gestalt des Platins in seinem Muttergestein am Ural,Trudi d.naturhifit. 
Jles, St. Petersburg, geol. und min. Abth., 1906, XXlll, pp. 1-7 ; and 0, R, Acad. Sci. 
Paris, 1894, CXVIII, p. 264 ; Vogt, Platingehalt in norwegischem Nickelers, Zeitschr. 
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In addition, we have the occurrence of the metallic nickel-iron (awaniite) 
under similar conditions ; this has been mentioned above w/ien describing 
the Klamath mountains. Awaruite was discovered by Skey to the north 
of Big Bay (Awarui) in South New Zealand, and is known in gold placers 
at Lilloet on the Fraser river (British Columbia), at several localities in the 
gold and osmiridium-bearing serpentine of Oregon, on the Smith river, 
Del Norte City, California, and finally, in upper Italy on the river Elvo, 
near Biella, where it occurs in gold-bearing sand, which appears to be 
derived from the moraine of the Aosta valley^. 

Rocks of abyssal origin, or at least presenting the characters which we 
should imagine abyssal rocks would possess, are thus not infrequently 
seen on the earth’s surface. This explains the peculiar interest attached to 
tectonic studies of the so-called green rocks. The most frequent form in 
which they occur is serpentine with chromite, more or less nickeliferous, 
and more seldom with nickel ore. Since chromium is the element which 
possesses the widest distribution we term this typical form Crofesima; 
Nicrofesima would be more correct, and, in some cases, Nifesima. 

There are certain circumstances which seem to indicate that the Sal 
envelope is of no very grejit thickness. 

From the studies of J. H. L. Vogt it appears that the series of nickeli- 
ferous magnetic pyrites (Nifesima) of Norway is different in the zone 
of norite contact from tlie metallic series in the zone of Sal contact. 
Further, the observations of Sir Norman Lockyer lead us to conclude that 
the Nifesima series is formed of the same materials as those which appear 
in the spectrum of a Cygni and the sun (with the exception of platinum). 
The typical metals of the Sal scries, on the other hand, do not appear (with 
the exception possibly of yttrium and lithium) in a Cygni ; several of them 
are certainly represented in the Fraunhofer spectrum of the sun, but they 
do not occupy a prominent position From this we may infer that if the 
earth is of a similar nature to the sun and the star a Cygni, and if these 
were all dissolved in one great ball of fire, then on this ball also the Sal 
metals would occupy a less prominent position than those of the Sima series. 

prakt. Geol., 1902, pp. 258-260 ; D. Day, Ann. Rep. U.S. Geol. Surv., 1898, XIX, 6, p. 268 ; 
J. P. Kemp, Geological Relations and Distribution of Platinum and associated Metals, 
Bull. U.S. Geol, Surv., 1902, no. 193, 95 pp. ; R. Beck, Nickelerzlagenstatte von Sohland, 
Zeitschr. deutsch. geol. Ges., 1903, pp. 296-331 ; and Struktur des uralischen Platins, Ber. 
Ges. Wiss. Leipzig, 1907, LIX, pp. 387-396. 

^ G. II. P. Ulrich, Discovery, Mode of Occurrence and Distribution of the Nickel-Iron 
Alloy Awaruite, Quart. Joum. Geol. Soc., 1890, XLVI, pp. 619-632, map ; Jamieson (IV, 
p. 421, note 1), Am. Journ. Sci., 1905, 4th ser., XIX, pp. olO and 413-415; Q. Sella, 
C. R. Acad. Sci. Paris, 1891, CXII, p. 171. 

J. II. L. Vogt, Zeitschr. prakt. Geol., 1891, p. 887 ; 1900, p. 233 ; 1901, pp. 10 , 180, 
289 ; N. Lockyer, Publication of the Solar Physics Committee, 1907, Spectroscopic Com- 
parison of Metals present in certain Terrestrial and Celestial Light Sources, p. ix ; also 
Sitzb. k. Akad. Wiss. Wien, 1907, CXVI, pp. 1555-1561. 
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That the Sal envelope, the most accessible to observation, does nqt form 
a very important part of the mass of the planet is also evident from its 
trifling density (about 2-7) when compared with the density of the earth as 
a whole (5*5 or 5'6). 

We therefore infer that even if the existence of a comparatively sharp 
boundary at a depth of 1,500 kilometers should be confirmed, yet it cannot 
represent the limit between Sal and Sima, but only between Sima and Nife, 
that is, it is the upper limit of the barysphere. If we compare a series 
of those meteorites which consist both of Sima (peridote) and Nife, we may 
justly be astonished, not only at the sharp delimitation between these con- 
stituents, but at the contrast in their densities. In the mass of Tula the 
density of Nife is 7*33, that of the accompanying Sima (possibly not quite 
free fi*om iron ? ) 4*15 ; in the mass of Krosnoiarsk the respective densities 
of the two zones are 7*1 6-7*86 and 3*43, in tlxat of Rittersgriin 7*5 and 3.23, 
and so on 

Such great differences might well favour the foi-mation of a compara- 
tively sharp differentiation limit. Wiechert’s calculations led him to place 
the limit of the rocky crust of the earth at a depth of 1,500 kilometers, 
with a density of 3*0 to 3*4 as against the iron nucleus with a density 
of 7*8. The correspondence in the densities is obvious. 

The Sal envelope is chiefly formed of gneiss" or rather of that series of 
various altered sediments and batholites which are included under this 
term, and range from the hornblende gneiss of the Sima in the Baikal 
vertex to the so-called normal gneiss of Freiberg with a percentage of 
65 to 66 SiOj, and the red gneiss of the Erzgebirge with 76 Si02. Here 
an analogy with the other heavenly bodies is only presented by the 
tektites. 

The stratosphere, or younger sedimentary envelope has been formed 
almost entirely at the expense of the Sal envelope, and to use Bischof's and 
Walther 8 happy expression, by the method, or more correctly by the methods, 
of selection*. These indeed are of many kinds, from the weathering of 
orthoclase, to the sweep of the storm across the sandy desert, and the quiet 
work of living organisms. The greater part, as much as 99*06 per cent., of 
the outer part of the earth is formed, according to F, W. Clarke, of only 
eight elements. These are ; O, Si, Al, Fe, Ca, Mg, Na, and K In the 

* Such inclusions of olivine scarcely contain any nickel, whereas nickel is very widely 
distributed in terrestrial olivines. Daubr<*e points out that Ni has less affinity for 0 than 
Fe, and ascribes the fact to this circumstance ; on this point see also Farrington, Am. 
Joum. Geol., 1901, X, p. 3g7. 

* J. Walther, Ueber die Auslcsae in der Erdgeschichte, 8vo, Jena, 1895, 36 pp. 

* F. W. Clarke, The relative Abundance of the chemical Elements, Bull. U.S. Geol. 
Surv., 1891, no. 78, pp. 34-42, and op. cit., 1897, no. 148, pp. 9-14 ; J. H. L. Vogt, Ueber 
die relative Verbreitung der Elemente, Zeitschr. prakt. Geol., 1898, p. 225 et seq. ; also 

' L. de Launay, La distribution des Elements chimiques dans Tecorce terrestre, Bev. 
de» Sciences, Paris, 30 avril 1904, pp. 386-404. * 
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work of living creatures two of the chief of these elements, ^1 and Mg are 
neglected, Ca is preferred, and in addition the scarcely soluble Si. Bacteria 
perform their work of selection to a certain extent outside the rapge of 
these eight elements, since they cover the bottom of the Black Sea with 
iron pyrites ; nodules of manganese are secreted by algae, and so on. 

We thus arrive at the following hypothetical conception of the interior 
of the planet. A nucleus of Nife and heavy metals extends from the centre 
outwards for three quarters of the radius ; then follow, at a depth of about 
1,500 kilometers below the surface, separated by a fairly sharp boundary, 
Crofesirna and Nifesima, and all the other rocks of Sima up to Sal. Further 
observations may lead us later to infer the existence of a more detailed 
subdivision. The stratosphere, although in places interrupted and covered 
by Sima masses, may l)e assigned as a whole to Sal. 

Some idea of the nature of the upper parts of the planet may be 
obtained from Coleman’s description of the richest known deposit of nickel 
at Sudbury in Canada^. 

Here a series of rocks about 2,000 meters in thickness rests upon gneiss, 
granite, quartzite, and other rocks, and is covered by thick Cambrian or 
pre-Cambrian sediments. It forms a basin 58 kilometers in length and 
26*5 kilometers in breadth.^ Its upper part consists of granitic rock with 
an average of 66*87 SiO.^ ; as the proportion of Si, Na, and K decreases, 
and of Ca and Mg increases, this gradually passes into rocks which are 
described by the several observers as granodiorite, quartz-diorite, or 
micropegniatitic syenite. The terminal member is a grey norite with 
54*61 SiOg. 

At its base, and without a .sharp upper limit, the nickel ores rest upon 
and within the inequalities of the foundation ; they are followed by a girdle 
of mines surrounding the base of the great basin. Beside iron, nickel, 
and copper, cobalt occurs, then, in order of richness, silver and platinum, 
a small quantity of native gold, iridium, and osmium, and traces of 
rhodium and palladium. 

Thus within the trifling depth of 2,000 meters we have passed from 
Sal granite to a Nife zone with heavy metals. These observations coincide 
with those made by Vogt in the Norwegian nickel mines. The differentia- 
tion has occurred in these cases chiefly under the influence of gravity, as 
is shown by the relation of the ores to the foundation, and for the present 
we may bear in mind that Na and K decrease before Ca and Mg. 

The nickel-bearing rocks at Sudbury must have formed a molten 

' A. P. Coleman, The Sudbury Nickel Field, Rep. Bureau Mines, Toronto, 1905, XIV, 
3, 188 pp., map ; The Sudbury Laccolitic Sheet, Am. Journ. Geol,, 1907, XV, pp. 759-782, 
Ji^ap ; also A. E. Barlow, Origin, geological Relation and Composition of the Nickel and 
tJopper Deposits of the Sudbury .^Mining District, Rep. Geol. Surv. Canada, 1904, XIV, 
236 pp., maps, and op. cit., XV, A, pp. 254-269. 
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mixture when they were carried upwards into their present position, 
otherwise it would have l)ecn impossible for them to suflfer the same kind 
of differentiation for a second or possibi^: even a third time. 

The product, however, coincides very nearly with that which we have 
pictured, from other considerations, as the result of the primary differentia- 
tion accompanying the original formation of the earth’s body. The re-melt, 
indeed, seems to provide us with an experiment. 

Emission of gas. That steam is the driving force of volcanic eruptions 
has long been known, but it was not known from what source the steam 
was derived. Appeal was made to the proximity of the sea. Daubr^e 
believed that he wavS able to show by an experiment that infiltrating 
water might succeed in reaching even the heated abysses of the earth. 
Poulctt Scrope objected, that apart from all other difficulties, this experiment 
only shows that water may find its way to the surface of subterranean 
lava, but does not explain the intimate admixture which is known to exist. 
Bischof inquired how the escape of carbonic acid gas could be explained 
by such infiltration. Thus very serious doubts were entertained on thia 
question h 

The explanation lies in another direction. 

Just as molten iron absorbs extremely large^ quantities of gas, and gives 
them out again as it cools, so tlie globe of the earth once absorbed extremely 
large quantities of gas, which it is now still continuing to emit. 

The recognition of this fact led to the distinction of two kinds of waters. 
The vadose w^aters — a name originally chosen by Po^epny for the waters 
which infiltrate from the surface and escape from mineral lodes — include 
all the waters of the earth’s surface, such as oceans, rivers, clouds, atmo- 
spheric precipiiations, and artesian springs. Juvenile waters, on the other 
hand, are those which arise when the hydrogen issuing from the earth's 
interior, under very high pressure and at a very high temperature, combines 
with the oxygen of the atmosphere. The white balls of steam emitted by 
the volcano become clouds, and a juvenile rain pours down its slopes. The 
juvenile hot springs bring up unexpected mineral matters from the depths^. 

* Complete list of the older literature in E. Reyer, lieitriige zur Physik der Eruptionen, 
8vo, Wien, 1877 ; this subject is discussed in detail by G. Tschermak, TJeber den Vulca- 
nismus als kosmische Erscheinung, Sitzb. k. Akad. Wiss. Wien, 1877, LXXV, pp. 151-176 ; 
A. C. Lane, Geological activity of the Earth’s originally absorbed Gases, Bull. Am. Geol. 
Soc., 1894, V, pp. 259-280. Van Hise says : ‘ In regional extrusions it . . . appears highly 
probable that the occluded water has been held by the magma from the first * ; Trans. 
Wisconsin Acad. Sci., 1898} XI, jp. 498, note ; fuiiher, C. Doelter, Physik des Vulcanismus, 
Sitzb. k. Akad. Wiss. Wien, 1903, CXII, pp, 681-705, in particular p. 703. N. S. Shaler 
thought that the explanation lay in the water contained in deep-lying sediments ; Con- 
ditions and effects of the expulsion of gases from the earth, Proc. Boston Soc. Nat. Hist., 
1897, XXVII, pp. 89-106. 

* E. Suess, Ueber heisse Quellen, Verb. Ges. deutreh. Naturf. und Aei^ste, Karlsbad, 
1902, Allg. Theil, 20 pp., Leipzig, 1902. 
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Just as there is juvenile hydrogen, so there is juvenile chlorine, fluorine, 
sulphur, arsenic, carbon, and a series of other elements, all emitted by 
volcanos. In fumaroles we may even observe that the elements emitted 
towards the close of an eruption succeed one another in a definite order, so 
that when in certain eruptions a great variety of gases is poured forth, the 
chlorine and fluorine (Cl and F) come to an end first, then the sulphur and 
arsenic (S and As), while the carbon (C) continues its escape longest. In 
this way a certain scal(3 of temperatures is given, namely GIF, SAs, 
and C, but in spite of this the fact remains- that exhalations of Cl may 
continue for a very long period, as in Java, for example ; that solfataras 
are fairly widely distributed, and that the solfatara of Puzzuoli gives out 
S and As ; finally, that carbonic acid gas issues in quantity from the 
ground in places which have experienced no volcanic eruption since the 
Tertiary epoch. 

Hot springs, so far as they are juvenile, are simply a milder form of 
the volcano. The chlorine contained in hot springs now becomes intel- 
ligible, and we can understand how those of Carlsbad, for example, bring 
yearly to the surface a million kilogrammes of juvenile salt through the 
granite but not out of it. 

Laspeyres has pointed to the great quantities of carbonic acid gas 
which the granite contain^ ; he .states that one cubic kilometer of this 
granite is sufficient to feed the springs of Nauheim for 2,730 centuries. 
But the carbonic acid gas is sealed up in a liquid state in cavities of the 
quartz, and as Delkeskamp justly observes, it is hard to understand under 
what circumstances a continuous escape could take place \ 

Thus with every volcanic eruption the quantity of vadose water present 
on the earth's surface is increased. The atmosphere also is continuously 
enriched. While formerly the Ocean was supposed to be the source from 
which by infiltration the volcanos are supplied, now it is regarded as 
the receptacle for juvenile waters ; the quantities of chlorine which it 
contains are consistent with this view; and thus the waters of the Ocean 
bear witness to the escape of gas from the planet 

The rhythmic pulsations which are sometimes visible in craters have 
the same origin as the pulsations of hot springs. In September, 1902, 


^ R. Dfilkeskamp, Vadose unci juvenile Kohlensiiure, Zoitschr. prakt. Geol., 1906, XIV, 
pp. 3‘,i~47. This fact is also overlooked by Gautier, La ^enese des eaux therraales et ses 
rapports avec le volcanisme, Ann. des Mines, (1906) 1907. 9^ ser., XI, pp. 316- 375. The 
gases of the fumaroles which serve Gautier for comparison flo not contain Cl, possibly 
because they were not extremely hot ; the Cl contents of the springs could hardly be 
derived from granite. 

* This is dealt with in detail by F. Freiherr von Richthofen, Das Meer und die Kunde 
vom Meer, Recto rats-Rede gehalten zu Berlin am 3. August 1904, 4to,45 pp., in particular 
P- 12 et «eq. • 
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Sapper observed pulsations of this kind in a secondary crater of Izalco 
In March, 1871, two sets of rhythmic pulsations were observed at Vesuvius, 
one of slower period in the principal crater, and the other more rapid in 
a secondary crater on the outer slope of the cone. The lava of the 
secondary crater contained crystals of leucite bearing signs of superficial 
fusion, but not completely molten. As soon as the matrix was molten, 
the gases welled up, probably in clusters of bubbles, through the lava, 
united together, and raised the level of the boiling mass in the funnel 
for about one meter ; then after 6-8, or sometimes 15 seconds, the explosion 
followed. 

Doelter places the melting-point of the Vesuvian lava at 1,090“ C., of 
the leucite at 1,310“ C. Johnston-Lavis describes the leucites in detail ; 
they may be broken, and partly healed together again, fused at the edges, 
or traversed oy concentric zones of microliths or gas cavities. They bear 
witness sometimes to violent movements, sometimes to the variation of 
temperature in the funnel^. 

In the Cheviot hills, on the Scottish border, andesite lavas are cut 
through by dykes of quartz-fclsite. But Teall found that the phenocrysts of 
the andesite correspond to the basic part of the original magma, while the 
quartz-felsite of the dykes corresponds to the glassy ground-mass, i. e. to 
the mother-liquor remaining after the removal of the phenocrysts ^ 

In the tuffs of the Albanian mountains groups of leucite crystals 
may be found fritted together, along with loose, shai*p-edgcd crystals of 
augite. 

The incandescent cloud which destroyed Saint-Pierre in Martinique on 
May 8, 1902, contained crystals of plagioclase and liypersthene. Lacroix 
and other observers came to the conclusion that it issued from the earth 
with a temperature below 1,280® G.; it did not melt the copper wires of 
the telephone circuits, and must therefore have been below 1,058® C. when 
it reached the unfortunate town, but it must have exceeded 650" to 700® C., 
as is shown by Sapper’s observations on half-melted bottles 

In the first two cases the presence of the phenocrysts shows that the 
last flows were re-melts. The processes active in Vevsuvius, which caused 

* K. Sapper, Centralb]. f. Min., 1903, p. Ill, A good comparison between the pulsa- 
tions in hot-springs and volcanos was given as early as 1842 by C. F. von Oraefe, Die 
Gasquellen Siid-Italiens und Deutschlands, 8vo, Berlin, 1842, pp. 35 and 42. 

® G. vom Rath, Zeitschr. deutsch. geol. Ges., 1871, p. 710; also hot springs, p. 6; 
H, J. Johnston-Lavis, Geology of M. Somma and M. Vesuvius, Quart. Joum. Geol. Soc., 
1884, Xli, pp. 35-119, in particular pp. 90 and 94. 

’ J. J. H. Teall, Anniversary Address, Quart. Joum. Geol. Soc., 1901, LVll, p. Ixxxii; 
a very instructive example is given by Lacroix, C. R. Acad. Sci. Paris, 8 dec. 1902, 
pp. 1068-1071, Many examples of such fractional crystallization are given by Daly» 
Am. Joum. Geol., 1908, XVI, pp. 401 420. 

* K, Sapper, N. J. f. Min., 1904, 11, p. 17. • 
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the temperature to rise to the melting-point of the lavas but not of the 
leucite^ cannot fail to awaken a suspicion that the rhythmUaUy ascending 
gases themselves voere the heat carriers in the volcanic funnel, jV'St as they 
are in hoi springs. The two other cases illustrate the more violent intru- 
sion of the gases which leads to the dissipation of the lava into dust. From 
this point of view the difference in the height of the two volcanic lakes of 
Hawaii becomes more intelligible. A difference of two or three thousand 
meters in the relative level becomes as nothing in comparison with the 
depths from which the gases are derived; it only reveals a certain degree 
of independence in the two funnels. 

This conception of heat-carrying gases must greatly modify many 
other of our views. The juvenile water will possess the power to which 
Arrhenius and McMahon call special attention, that of dissolving quartz 
The geothermic stage loses its significance in connexion with the origin 
of juvenile springs. With the lavas which come from subterranean depths 
the re-melts associate themselves ; and in this we find an explanation of the 
not infrequent tendency to a separation of the phenocrysts from the ground- 
in these re-melts. The sun is in a state of almost free gas-emission. 
In the moon this state appears to have ended. The body of the earth has 
given forth iis seas, and is now in an intermediate phase. 

Batholites. This tern? was proposed (I, p. 168) for the great cake-like 
masses, composed chiefly of granite, which appear to be inserted in the 
stratified formations. In describing these bodies, I started from the theory 
— based on Hopkin's * residual lakes ' and Dutton's ‘ maculae ' — that the 
intrusion of the granite mass must have been preceded or accompanied 
(owing to damming back and unloading of pressure) by the formation of 
a corresponding cavity. But a renewed examination of the granites of 
the Erzgebirge made in 1893, with the assistance of notes provided by Herr 
Credner and under the friendly guidance of Prof. R. Beck, convinced me 
of the fact that the contours of these intrusive masses cut through both 
the strike and the folds of the mountains in the most uncompromising 
fashion, much as a white-hot soldering-iron thrust through a plank 
cuts across the grain. Then came the observations made on the escape 
of molten matter in the moon, and now batholites may be described as 
intrusive masses, which are continued down into the ‘eternal depths', 
in opposition to laccolites, which are lateral intrusions upon an alien 
foundation \ 

Indeed, a consideration of the facts as they occur in nature leads to the 

* S. Arrhenius, Zur Phjsik des Vulcanismus, GeoL lF6ren. Stockh. FOrh., 1900, XXII^ 
pp. 395-420, in particular p. 415 ; McMahon, Presidential Address, Geol. Sect. Brit, 
Assoc. Belfast, 1902, pp. 589-696. 

* Some observations on the moon, Sitzb. k. Akad. Wiss. Wien, 1895, CIV, pp. 21-54, in 

particular p. 53. • 
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certain conclusion that batholites have reached their present position (mise 
en place) by nielthig and absorbing the adjacent rocL 

This theory has been rejected by many distinguished peti*ologists, on 
the grdand that cases in which absorption of the adjacent rock has affected 
the chemical composition of the intrusive magma, are rarely discoverable. 
It is, however, by no means new. Many of the earlier geologists adopted 
it ; its truth may be recognized in definite instances, the granite of Wiin- 
siedel, for example, as shown on Gumbers map of Bavaria. More recently, 
Michel Levy’s work on the granite of Flamanville has had considerable 
influence in affecting opinion in its favour ^ 

Long ago Do la Beche had recognized the subterranean continuity of 
the granites which extend from Dartmoor to the Scilly isles, and he even 
drew attention to the connecting elvan-dykes 

The granite masses of the western Erzgebirge are, as Dalmer pertinently 
observes, bosses intruded into the schist formations, and they form part of 
a ridge-like elevation of a still greater mass which extends for a consider- 
able distance under this range Barrois makes a similar statement with 
regard to the granites of Brittanj'', and refers to a tourmalinized patch of 
sandstone as one of the indications of subterranean connexion One more 
stroke of the plane, says Lacroix, and the granites of the Pyrenees are 
united. • 

In Cornwall the granites follow the Annorican strike as far as the 
Scilly isles. The case is similar in Brittany. In the eastern, Variscan part 
of the Central plateau, Michel Ldvy entertains no doubt as to the connexion 
of the granite of the Morvan with that of the Lyonnais. It sometimes 
seems, however, as though the granite preferred certain zones of rock, 
especially clay slates of various ages. In Brittany cases are even known 
in which the granite has consumed the slate and spared the intermediate 
beds of quartzite, so that these, highly altered, project into the granite \ 
Daly explains the intrusion as similar to the pi ocess which the miner 
terms ‘ overhand-stoping \ The weight of the walls and roof is greater 
than that of the liquid or viscous magma. Fragments are set free by the 
action of heat and gravity, and sink into the magma. These either form 
highly altered inclusions, or they are consumed on their way to the 
depths 

^ M. Levy, Contribution a I’rtude dii Granite de Flamanville et des Granites fran^ais 
en gen^jral, Bull. serv. Carte g^ol., 1893, V, pp. 317-357. 

“ H. de la Beche, On the Formation of Rocks of South Wales and South-ivest England, 
Mem. Geol. Surv. England and Wales, 1846, 1, pp. 1 296 ; for example, pp. 233 and 236. 

® K. Dalmer, Die westerzgebirgische Granitmassivzone, Zeitschr. prakt. Geol., 1900, 
pp. 297-313, map. 

* C. Barrois, Bull. serv. Carte g<5oJ., 1903, XIII, pp. 538 et seq. 

® C. Barrois, Le Bassin de Menez-Belair, Ann, Soc. geol. Nord, 1894, XXII, pp. 181 to 
?50 et passim. 

* R. A. Daly, The Mechanics of Igneous Intrusion, Am.*Joum. Sci., 1903, XV, pp. 269- 
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We are now able to understand the nature of the pegmatite veins which 
proceed from the margin of the batholite. They often begin as fissures, 
which prepare the way for the detachment of a considerable mass of the 
roof. Hence their course is irregular, and hence they thin out as they 
proceed farther from the batholite. They become filled with hot solutions 
and tin ore, and deposits representing the whole series of the CIF 
fumaroles are formed. This is described in the most instructive manner 
by B. Beck, who at the same time calls attention to the part played by 
the juvenile gases Fluor spar represents the fluorine, tourmaline 
the boron, and so on; the native gold which occurs might well be 
regarded as an indication of chlorine. It is well known that great 
losses occur when gold ores are placed in the reverberatory furnace 
along with common salt-. 



% 

Fig. Roof of f he fjfaniie of Markersiiurf. 

7 , 7 , OniTiito ; A, liorizontal joints in the granite ; JS', andaiusite hornfels ; Pj pegmatite 
vein ; S’, ‘ Zwittor ’ clefts ; A7, Kl, joints. 


Fig. 49 represents a part of the roof, about four meters in width, of the 
tin granite at Markersdorf (south-east of Dresden) on the way to Gottleuba. 
S is clay slate, transformed into andalusite hornfels. The pegmatite vein 
p shows that part of the roof is already l)ecoming detached. Delicate 
vertical fissures ( 0 , z) ascend from the granite into the roof ; these are the 
so-called Zwittcr, accompanied on both sides by a belt formed by tin 


298, and XVI, pp. 107 -126 ; also Geology of Ascutney Mountain, Vermont, Bull, IT.S. 
Geol. Surv„ 1903, no. 209, 122 pp., map. Detailed ;nforfiiation on the litemture in 
•1. J. Sederholm, Cm Gi*anit och Gneis, etc., Bull, Com. geol. Finlande, no. 23, 1907, 
no pp., map. 

‘ li. Beck, On the Relation between Ore Veins and Pegmatites, Trans. Geol. S. Africa, 
1905, pp. 147-150. 

“ E.g, Engineering and Miniifg Journal, New York, Aug. 29, 1903. 
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exhalations. These hot exhalations were the latest phenomenon ; they 
were even laWr than the overhand-stoping ^ 

This is a short episode in the course of the manifold processes revealed 
by observation as soon as we proceed to trace the stages of cooling and to 
examine the primary distribution of the ores in the accompanying lodes 
At the same time it may be observed that nothing is known as to the tem- 
perature of the hottest existing fumaroles (GIF), except that it exceeds 500®C. 
Tlie Zwitter (z) in fig. 49 may thus have been formed at a temperature far 
below that of the pegmatite and the fissure which cuts through y?, 
may even be a contraction crack due to cooling. 

On an earlier page we distinguished between chlorine, fluorine (Cl, F) ; 
sulphur, ai*senic (S, As) ; and carbon (C) fumaroles. A great number of lodes 
are known in which only phase I (Cl, F) or phase II (S, As) is represented 
in metallic combinations ; if both occur, I is uppennost ; phase III (C) is 
seldom visible, and generally lies lowest. In such lodes the ores follow the 
series of the fumaroles, and cooling takes place in a downward direction. 
Phase I is that of the tin, which we have just referred to alx)ve ; phase II 
is that of the sulphur and arsenic combinations of copper, silver, and other 
metals. In Cornwall, phase I alternates with II represented by copper 
pyrites. In Freiberg it is said that some lodes of copper pyrites have a tin 
hat ^ The third phase (III) of decreasing temperature represented by the 
carbonates includes the uranium ores of Joachimsthal. 

On the summits of the Erzgebirge lies an ancient, tin-bearing, alluvial 
land, partly protected by a basalt covering, which was formerly washed 
for tin (phase I). On the slopes silver was obtained at several localities 
(Abertharn, Gottesgab, and other places). Still lower lies Joachimsthal. 
In the sixteenth century it furnished abundant supplies of silver, and from 
this valley the coinage of the (Joachims) thaler spread over the whole 
world ; in the seventeenth, and still more in the eigliteenth century the 
output diminished, and there came a time when this once famous district 
maintained itself by preparing blue pigment from cobalt pyrites (end of 
phase II). Still lower down the carbonates were reached. The filling of 
the lodes is here symmetrical. A thin crust of quartz, which turns the 
points of its pyramids towards the interior, is followed on both sides by 
pitchblende, with a botryoidal surface, doubtless deposited from solution ; 


' Similar examples in R. Beck, Die ContacthOfe des Granits und Syenits im Schiefer- 
gebiete des Elbethalgebirges, Tschermak und Becke, Min. Petr. Mittb., 1893, Xlll, 
pp. 290-342. 

* Details in J. H. L. Vogt* Zeit 9 chr. prakt. Geol., 1895, pp. 145 et seq. Many more 
recent examples may be found in the text-books of Beck, de Launay, and Bergeat ; also 
de Launay, Sur les types regionaux de gites metalliferes, C. R, Acad. Sci. Paris, 12 mars 
1900, and Sur la notion de profondeur, appUquee aux gisements africains, op. cit., 
c23 juin 1902. 

* H. Milller, Freiberger ErzgS^nge, Erliiut. geol. Spec.*^iCarte v, Sachsen, 1901, p. 140. 
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the middle part of the lode is completely filled by crystalline dolomite 
(phase III) \ ' 

The history of this mining town, the transition from tin washing to the 
prosperous mining of silver, and then to the production of cobalt-blue and 
last of uranium pigments, illustrates the primary differences of depth 
at which the ores occur, and at the same time the succession from the 
sublimated ores to the thennal hot-spring deposit and the last al)yssal 
expressions. 

This is a field in which further investigations will bring to light much 
that is new. This is shown by Brogger's studies of the Norwegian granite 
pegmatites, which establish, for example, the occurrence of uranium and 
thorium compounds, in association with topaz, beryl, tourmaline, and other 
minerals of phase I, and with pyrites of phase II, under siich circumstances 
as might give them a place in our classification even above phase I'^. 
In Colorado, pitchblende occurs along with pyrites (phase II). This recalls 
the fact that in volcanos all the phases appear at first together, and only 
become separated when cooling begins. In the case of tin, as was shown 
long ago by Daubrde, the stability of the compounds at a high temperature 
is especially manifest. 

Apart from these phases of cooling, the system of pegmatite veins 
which so often surrounds undisturbed the summit and parts of the sides 
of a batholite shows that no important tectonic changes have occuiTed 
since the intrusion. The tin-granites of the Erzgebirge are thus later than 
the Variscan folding, or at least their intrusion did not come to an end 
until after the close of the folding. 

Connexion vjith volcanos. In an earlier place (I, p. 172) we endeavoured, 
by following the stages of a denudation series, to find the path which 
leads from the ash-heaps of the present day to the granite masses of the 
Erzgebirge. 

We will now return to the same path, following other indications. It 
was a great step in advance when Roseubusch distinguished, more detinitely 
than had ever been done before, abyssal, dyke, and flow rocks. The abyssal 
rocks include all those which ascend from the depths of the earth ' but do 
not reach the earth's surface and thus do not attain the explosive phase. 

‘ J. Stftp and F. Becke, Das Vorkommen des Uranpecherzes im St. Joachiinsthal, Sitzb. 
k. Akad. Wiss. Wien, 1904, CXIII, pp. 585-618, in particular p. 614, The height of 
the tin-beds above sea-level is about 1,050 meters ; from the Werner-Schacht (height 
above searlevel 917*7 meters), 302*5 meters below Tagkmnz (height above sea-level 615*2 
meters, Danielli-Stollen), down to the greatest depth accessible to us at present (height 
above sea-level 502 meters), Uranium ores prevail almost exclusively. Dalmer (Zeitschr. 
prakt. GeoL, 1900) conjectures, in opposition to the fluor-fumaroles of tin, that sub- 
granitic hot springs may occur. 

® W. C. Brdgger, Die Mineralien der sud-norwegischen Granit-Pegmatit-Gange, I, 
Niobate, Tantalate, Titanate und Titaniobate, Kristiania Yidensk. Selsk. Skrift, 190/i, 
»o. 6, 159 pp. 
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The toiirnialinized spots marked on the detailed map of Saxony 
represent localities which have been reached by boron vapours, i. e. by 
pneumatolitic influences, but not yet by the uprising batholite. If the 
denudation were to proceed further, a system of pegmatite veins and lodes 
would probably be exposed, and then, beneath the highly altered roof the 
granite of the batholite. It may, however, be asked what would have 
happened if the melting pi’ocess or the overhead-stoping itself had 
approached nearer the surface. 

We now come upon a gap in our existing terminology, and it occurs 
indeed in all European languages. Veins (Adern) is the name given in this 
woi'k to the outrunners of a considerable mass, which are thicker at their 
origin and thin out towards their distant extremity, without straight 
selvages or a definite strike and dip. Typical examples arc the pegmatite 
veins in the neighbourhood of a batholite ; these are often fissures, as in 
fig. 49, which may lead later to the detachment of part of the roof. These 
must be carefully distinguished from dykes (Giinge), although under this 
tenn the most divei'se forms of fissure may be included. Daubree termed 
those fissures which ai-e accompanied by a dislocation, paraclases, and tll 0 ^se 
which do not exhibit a dislocation, diaclases. The former correspond to 
Stelzner’s exokinetic fissures, which are opposed to the endokinetic (contrac- 
tion and dilatation) fissures. 

Instead of following further these attempts at classification, let us 
consult one of the most instructive works on this subject which has been 
produced in recent times, Barrell’s Description of the Mining District of 
Marysville^ Montana b The batholite of Marysville consists of quartz- 
diorite, and is associated with the much larger batholite of Boulder. The 
mine follows contraction fissures, vrhich lie a little outside its surface, and 
parallel to it. This surface is exposed to a depth of about 1,000 feet, anil 
descends on the whole gently, but sometimes in gigantic steps. Injected 
dykes also occur. These must have oriy mated suddenly and at various 
timrs (intermittent). If they had not been sudden the injection would 
have grown cold on account of its considerable length. In this respect, 
says Barrell, these dykes recall volcanic action. 

We can easily imagine how a dyke of this kind may reach the surface ; 
a volcano then arises, the hot juvenile gases stream towards the funnel as 
it becomes broader, and with their discharge the upward course of the 
batholite ceases its progress. In another case it may happen that the roof 
collapses over the crown of the batholite, a network of fissures is produced, 
numerous eruptions and Uowg take place, and then this batholite likewise 
remains below the surface. 


J. Barrel!, (leology of the Marysville Mining District, Montana, U.S. Geol. Surv., Prof. 
Papers, no. 57, 1907, 174 pp., maps, in particular p. 158. * 
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The second case seems to be of frequent occurrence, but there are well- 
known examples in which the process was different, and tKe denudation of 
an ash-cone would reveal, even before reaching its base, the abyssal rock 
of a batholite. Close to the slopes of the broad basalt mass of D'^ppau iw 
Bohemia, theralite traversed by dykes of elaelolite syenite comes to the 
surface K At the base of the ashes and lavas of the Euyanaean hills augite- 
syenite is visible ^ In these and a great number of similar cases the 
formation of such rockvS extended up to a considerable height within the 
ancient funnel. The dismantled giant volcano of Kenia also exposes kenyto, 
a rock resembling nephelin-syenite, on its summit (about 5,790 meters). 
Here ive can scarcely escape one of two conclusions, either that a magma 
was carried up high above the surrounding country, and by the expulsion 
of a comparatively thin sheet of loose and scoriaceous rock was able to 
solidify in holocrystalline form, or that the persistent influx of heat has 
transformed the ashes and lavas themselves into kenyte (IV, p. 275). 

Widely as this conception difters from traditional views, it was yet 
suggested many years ago by Hague in connexion with the Abmrolca 
mountain of the Yellowstone. He doubted the necessity of a great super- 
incumbent inass for the production of granular crystalline rocks, and 
believed that intrusive bodies of great size might be brought to a standstill 
without tlie occurrence of important phenomena at the surface. 

Weed and Barrell arrived <at precisely the same x’osult in the case of the 
batholite of Boulder, which extends over 5,000 square kilometers. It con- 
sists of quartz-rnonzonite, covered, so far as it is known, by andesites only. 
On the boundary of the andesite a zone of acid granite sets in. Fine pro- 
cesses run from the batholite into the andesite, which is therefore regarded 
as the older. Near Elkhorn it rises, even at the present day, to a height 
of 9,000 feet (2,700 meters) (5,000 feet above Boulder valley). 

The question naturally suggests itself whether it would not be sutficient 
to regard the andesite as the volcanic facies of the quartz-diorite, and the 
result of the same melting process as produced the batholite, and still main- 
tiiined its activity, in a modified form, even after reaching the surface 


* F, Beclte, Verli. k. k. geol. Reichsanst,, 1900, pp. 351-353; .1. B. Wiesbauer, Thera- 
Hth im Diippauer Gebirpre, Sitzb. Ver. Lotos, Prag, 1901, new ser., XXI, pp. 62-69 ; 
tF. E. Hibsch, Das kOrnige Gestein von Rongstock, Tscherm. Min. Mitth., 1895, XV, 
pp, 487-489; Sodalith-Augit-Syenit im b6hmiscben Mittelgebirgo uml die Bezieliungen 
zum Essexit, op. cit., 1902, XXI, pp. 157-170 et passim. The Essexite of Rongstock and 
the Sodalith:Augitc-Syenite of Gross-Priessen are visible at the surface. 

* P. Graeff and R. Brauns, Zur Kenntniss des Vorkpmmens korniger Eniptiv-Gesteine 
bei Cingolina in den Euganeen bei Padua, N. J. f. Min., 1893, 1, pp. 123-133. 

^ W. H. Weed, Geology and Ore Deposits of the Elkhorn Mining District, Jefferson 
City, Montana, with a petrographi cal Appendix by J. Barrell, Ann. Rep. U.S. Geol. Surv., 
1901, XXII, 2, pp. 399-549, maps, in particular p. 451 ; and Barrel!, op. cit., Prof. Papej^s, 
no. 57, ♦ 
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Barrel! draws attention to the penetration of granite into the andesite 
of the Cascade range (IV, p. 416). 

As a further example we may quote MolengraaflTs description of the 
Buschfeld granite of the Transvaal, which north of Pretoria covers 
60,000 square kilometers, and is thus larger than Bohemia. So far as the 
facts are known, the surrounding sediments, which are possibly pre- 
Cambrian, dip beneath the granite, normally to the north of Pretoria and 
then in step-faults. A broad aureole of contact surrounds the granite. 
We reach first an outer border of Sima compounds, that is, a zone of 
pyroxenite and norite with chromite and magnetic iron, and also dykes of 
cobalt, then a zone of nepholine-syenite, and finally the vast region of the 
red granite. 

BVom this description wc conclude that the Sudbury type is repeated 
here, and that the Crofesima belt underlies the Sal rocks, the transition 
being marked by nepheline syenite. 

In the granite, tin ores occur together with the usual pneumatolytic series. 
Upon the granite rest isolated patclies of Waterberg sandstone, the highest 
member of the Karoo series ; these become over 1,000 meters thick towards 
the north. At another locality, in the Springbok Vlagte, an amygdaloid 
l)asalt, which Molengraalf is inclined to regard as representing the final 
phase of the molten rocks, .spreads out above the granite over an area of 
about 3,400 square kilometers ^ 

The intrusive masses of SudVjury, Boulder, and Buschfeld are generally 
regarded as laccolites : a view hard to reconcile with the extension of the 
two latter masses. 

With regard to Sudlmry, Coleman finally arrived at the hypothesis that 
the place of emission lay beneath the great basin. This will also hold good 
for Boulder if the quartz-diorite and andesite are genetically connected. 
The presence of tin supports the same conclusion with regard to Buschfeld. 

Important in this connexion is the statement of Lacroix that in mount 
Pel<ie rocks with free quartz consolidated in a crystallized state under 
a very slight covering of ash, almost indeed in the open air, and that 
consequently the thickness of superincumbent rock necessary for the 
formation of holocrystalline rocks has been greatly over-estimated 

Among the cases we have adduced, there is none which has been 
affected by the formation of a considerable fissure. Since Nifesima and 
Crofesima are so frequently represented, we must assume that the juvenile 

* G. A. F. MoIengraafF, Geologic de la Repnbliquc Sud-Africaine, Bull. Soc. g6ol. France, 
1901, 4® ser., I, pp. 13-10-5, map ; P. H. Hatch, Geology of the Marico District, Trans, 
Geol, Soc. S. Av 1904, VII, 6 pp., map ; also Kynaston, op. cit., 1905, VIII, pp. 56-62 
et passim ; H. Merensky, Neue Zinnerzwerke in Tninsvaal, Zeitschr. prakt. Geol., 1904, 
XII, p. 409; A. L. Hall, Geological Notes on the Bushveld Tin Area, Trans. Geol. Soc. 
S A., 1905, VIII, pp. 47-55 et passim. 

’ A. Lacroix, Le Mont Pcliie aprbs ses eruptions, 4to, Paris, 1908, p. 69 et passim. 
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gases are originally liberated beneath the Sal mantle. Owing to their high 
temperature they melt and stope their way through the overfying rocks, and 
thus force their way upwards. In this process an increasingly great quantity 
of fragments of Sal rocks and also of sediments become molten *and are 
received into the gas-filled magma, sinking by their weight. The magma 
approaches the surface as a mixture. Then follows explosion, pulvenzation, 
the piling up of a cone, and the outflow of lava. The emission of juvenile 
gases continues. Eruptions are repeated from time to time. A continually 
increasing area of the earth’s surface becomes covered with ash and 
lava. The afilux of gases still persists ; they heat and melt part of their 
surroundings, but they no longer cause eruptions. Their own ejectamenta, 
spread out at the base of the cone and round about it, are melted and 
converted into holocrystalline rocks, and concurrently the Nifesima they 
contain separates out at the base while the lighter Sal rocks remain above. 
The efiects of this process may be restricted to the region below the 
cone, leaving beneath it a fragment of the original roof only traversed by 
dykes (and this appears to be the rule), or they may extend higher up the 
funnel (Euganaean hills), or through the whole cone (Kenia), or over a 
wide area (Boulder). Finally the emission of hot gases recedes into the 
funnel. Here, too, differentiation may take place next the walls, but the 
original course along the tois of the funnel is destroyed by the melting, 
and can only be recognized in exceptional cases by a belated intrusion, as 
e.g. in Magnet Cone, Arkansas, where a differentiated product, derived from 
deep-lying Sima, ascends towards the middle of the funnel *. 

Thus assimilation and differentiation succeed each other. But the 
cessation of eruption by no means marks the close of the process. Fissures 
are formed by cooling, and are lined and filled with ores deposited in 
a definite order which recalls the fumaroles. Tin may thus find its way 
into the andesites of the Bolivian Andes and the rhyolites of Mexico. 
At the same time all the subterranean parts are finally transformed into 
a broad batholite. 

For many years the belief has prevailed that Sal batholites are much 
more numerous than Sima. A knowledge of the Chamockite masses of 
Southern India and the Anorthosites of Canada is likely to modify this 
impreasion. The Sal masses are usually surrounded by Sima, these 
together represent the separated products of a mixed magma *. The last 
after-efforts appear, as a rule, to give rise to Sal, often very siliceous. 

’ Washington, Bull. Am. Geol. Soo., 1900, XI, pp. 3^9 etieq. 

’ ‘ True balholiths of gabbro are uncommon, perhaps because batholithic intrusion is 
always dependent on assimilation ’ ; R. A. Daly, Differentiation of a Secondary Magma 
through Gravitational Adjustment, Festschrift fUr Herm von Rosenbusch, 8vo, Stuttgart, 
1906, p. 233 ; also his Geology of Ascutney Mountain, Dull. U.S. Geol. Surv., no. 209^ 
1908, p. 110 et seq. We do n^t, wish to deny that in this zone later layers have been 
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Passive injection. There are certain dykes which are filled from below, 
not with molten rock, but with sandstone; these show that hydrostatic 
pressure must not be overlooked in considering subterranean processes. 

An •instance has been described by Rogers and Du Toit from Elands 
Vley, not far outside the region of the South African dolerite dykes. The 
dyke is intruded into the Witteberg beds; it ascends steeply between 
parallel walls, with a breadth of only 24 to 2*5 meters, but a length, 
according to one estimate, of 11 kilometers, and according to another of 
more than 57 kilometers. The l)eds on each side arc slightly upturned, 
and the infilling material is not dolerite, but sandstone ^ 

Many examples of a similar kind have been observed in the United 
States. In these cases also, the acting force was often sufficient to cause 
an upward bend in the adjacent rocks and to carry up torn-off fragments 
towards the surface 

In the case of bituminous dykes gas pressure may play some part, 
but the results are much the same. In Utah, according to Eldridge, a 
bituminous dyke, known as the Culmer vein, may be traced through the 
desert for a distance of 11 kilometers; its breadth varies fro. a 30 inches 
to a fraction of a line. It is straight, with smooth lateral walls, and runs 
completely independent of the strike of the rocks it traverses. Similar 
dykes occur in association with it 

The gas pressure which sometimes assists in the formation of these 
dykes leads us on to those injections wdiich have been brought into their 
present position, at least in the opinion of the observers, by hydrostatic 
pressure, though they are also accompanied by contact minerals. Such 
are, according to PoSepny’s view, the dykes of R<^xbanya in south-east 
Hungary (I, p, 160) ; Salomon ascribes the ascent of the tonalite ma-ss of 
the Adamello to the subsidence of the plain of Lombardy, and Brdgger is 
inclined to explain the ascent of the Dramrnen granite on the Christiania 
Qord in a similar manner 

The passive movement is seen more clearly, owing to the great rarity 
or entire absence of contact minerals, in the local swelling up of sills, which 
Gilbert terms laccolites (I, p. 148). We shall return to these lat^r, because 
not infrequently much too wide a scope is given to this expression, and bodies 

formed bj .solution ; the garnierite of New Caledonia is an example of this, and others 
are given by Foullon (Jahrb. k. k. geol. Reichsanst., 1892, XLIl, pp. 223->310). Accord- 
ing to T. Beck they even seem to occur in the case of platinum. 

* Rogers and Du Toit, Geological Survey of parts of Ceres, &c., Geol. Comm. Cape of 
Good' Hope, Ann. Rep. (1903) 1904, IX. p. 17. 

* For examples of such dykes, F. Newsome, Clastic Dikes, Bull. Am. Geol. Soc., 1903, 
XIV. pp. 227^268. 

® G. H. Eldridge, The Asphalt and Bituminous Rock Deposits of the United States, 
Ann. Rep. U.S. Geol. Surv., 1901, XX, 1, pp. 209-452, maps, in particular p. 343. 

« * Salomon, Sitzb. k. Aitad. Wisa. Berlin, 1901, pp. 743-747, BrOgger, Eruptivgestoine 
cles Kristianiagebietes, 1896, II, pp. 116 et seq. * ' 
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of this kind are even sometimes regarded as active elements in the 
formation of mountain chains. 

Daly has collected definitions of the word, and there can be no doubt 
as to what is meant by a laccolite. ‘ The first step in its formation *, says 
Gilbert, ‘is the penetration of a thin layer of lava along a bedding plane, 
which spreads out on the principle of the hydraulic press, until its area 
corresponds to the deformation of the covering beds. ... As soon as the 
lava is able to arch up the beds it does so, and this position gives rise to 
a laccolite . . . ^ \ 

A characteristic feature lies in the fact that although the roof is arched, 
the basement remains unaltered. The latter may, at most, become slightly 
concave, probably owing to its load, and then a cross-section is len- 
ticular in form. Thus it appears that a laccolite may well produce a local 
intuioescen^uC, but not a mountain-chain. 

Whitman Crom has made a number of instructive observations in 
Colorado, Utah, and Arizona ; he points out, for example, that the bedding- 
planes are sometimes cut througli at an acute angle, and that the lifting 
of the load may be facilitated by tectonic processes, as in cases where the 
I teds are about to become folded, he also calls attention to the similarity of 
the rocks in all American laccolites, the absence of vesicles and contact 
minerals. * 

On the northern peripliery of the Little Belt mountains Weed describes 
no less than fifteen of those bodies, each of which terminates steeply in the 
tlircction of the plain 

This lateral extrusion of less liot magma atibrds one of the clearest 
examples of the behaviour of molten masses during tectonic processes. 

The force which produced the arching up of American laccolites has 
freciuently been overestimated, judging from idealized sections, because, as 
wo have seen above, the overlying load necessary for the formation of 
holocrystalline rocks has also been overestimated 

The green rockn. Under this name, which corresponds to the ‘pietre 
\ erdi ’ of Italian geologists, we include the Nicrofesima and Crofesiina sills, 
which are very widely distributed as intercalations in many folded ranges. 
Tliey never form the axis of a range, and there is scarcely a case in which 
a Sima batholite can bo fairly regarded as their probable point of origin. 
They occur as intercalations in the Caledonhies, in the pro- Permian Altaides, 
and in the youngest ranges, and in some places their injections are certainly 

^ R. A, Daly, ClaBsili cation of Igneous Intrusive Bodies ; Am. Journ. Geol., 1905, XIII, 
pp^. 485-508, in particular j). 493. ^ * 

“ W. Cross, The Laccolitic Mountain Group of Colorado, Utah, and Arizona, Ann. Rep. 
U.S. Geol. Surv., 1895, XIV, 2, pp. 157-241 ; Weed, op. cit., XX, 3, p. 394. For the mode 
ot contact in laccolites, M. Levy, Porphyre bleu de TEsterel, Bull. Soc. geol. France, 
1896. s^r., XXIV, pp. 123-138. 

* Lacroix, La Montagne Pelee Sbpres ses eruptions, 4to, Paris, 1908* 

SOLLM !▼ Q Q ^ 
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as recent as the middle Tertiary times. They are frequently associated with 
nickel and chromium, in many places also with platinum, gold, awaruite, 
and the whole abyssal series. 

In the Pyrenees Lacroix distinguishes the Iherzolites (peridotite with 
diopside, bronzite and spinell) from the ophites (labrador-diabase or 
andesitic diabase). In some cases, not very frequent, they are associated 
with Sal sills. Stoliczka marks Sal and Sima injections in the limestone 
cliffs of Afghanistan, J. H. L. Vogt states with regard to northern 
Norway, that the extremely great length of the sills points to contem- 
poraneity with the folding. Here they consist of gabbro, or sometimes of 
a white granite, and of intermediate rocks such as adamellite and others. 
The granites have as a rule suffered from pressure, while the isolated 
occurrences of gabbro have not 

Throughout they exhibit occasionally, but not invariably, volcanic 
contact; the Mesozoic serpentines in the Carpathians of Rouinania, for 
example, are associated with hornfels and contain inclusions of garnet and 
idocrase (IV, p. 18) 

There is a sharp line of division between the mode of occurrence of 
these rocks and that characteristic of basalts. On the outer border of the 
Tauric range, in the Kurden range, and as far as Antioch, post«Cretaceous 
green rocks occur, especially olivine-gabbro and serpentine. They are 
repeated, correspondingly with the outer border of the range, in Cyprus. 
At the same time the African fractures are continued towards the north 
into the foreland of the Dead sea ; these are accompanied by basalt, and 
it is stated that they extend into the neighbourhood of Marash, far int^) 
the interior of the folded range (IV, p. 279). 

In the outer chains of younger folded mountains the green rocks make 
their appearance as long bands, as is especially well seen in the Burman 
arc ; here we must refer the serpentine bands of Arakan. The serpentines 
of Guatemala and Cuba, and many others, might be cited as examples. 

They occur with particular frcqiiency in association with radiolarian 
rock, as, for example, in a part of the Lepontine sheets of the Alps, and in 
the Pienines, but more especially in the Californian coast ranges ; Ransome 
thinks that glaucophane owes its origin to this association ^ 

^ J. H. L. Vogt, vSSndre Helgeland, Norg. geol. Unders., 1900, no. 29, 175 pp., maps, 
in particular p. 3 (note) and 159 ; C. R Kolderup, Die Labradorfelscn de^ westlichen 
Norwegens, Bergens Mus. Aarb., 1903, no. 12, 129 pp., map, in particular pp. 92, 126 
et passim. A very instructive discussion of these questions also in Sjogren’s work on 
Sulitelma and in Holmquist, Profil nach Kvikkjok (Sver. Geol. UndersOkn. Afb., 1896, 
XVIII, and 1900, XXII). 

* L. Mrazec, Sur les schistes cristallins desCarpathes miSridionales, Congr. g^oL intern., 
0. R. IX® Congr. geol. Vienne, 1903, pp. 631-648, map, in particular pp. 638, 639. 

• P, L. Ransome, The Geology of Angel Island, with a note on Radiolarian Chert, &c.f 
by J. G. Hinde, Bull. Geol. Univ. Cal., 1894, 1, pp. 19^-240, map. The bedding of the 
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The green rocks 'oever proceed into the foreland. In the eastern part of 
the Appalachians (Piedmont) a thick zone of gabbro and serpentine strikes 
from New York State to Virginia. Far to the west, outside the Appala- 
chians, some remarkable, but isolated Sima dykes make their appearance, 
certainly at a great distance from one another, but so far as their age is 
known, they are more recent than the Appalachians, and in some cases 
resemble far more closely the diamond pipes of South Africa^. 

G. Stcinmann, in a compendious work brings these green rocks into 
connexion with deep-sea deposits, and supposes that ‘magmatic masses 
of extreme basicity accumulate in the great abyssal depths while more 
acid magmas ascend beneath the sockles of the continents 

This view is based on numerous cases in which radiolarian chert is 
associated with these green rocks. 

All these crises are well attested. In hict, heavy Sima rocks also 
emerge not infrequently from the sea. Basalts probably lie beneath a part 
of the North Atlantic Ocean, and gabbro occurs in the east of Iceland 
The island of St. Paul, in the middle of the Atlantic (lat. ()"" 58' N., long. 
29'' 15' W.), is formeil of peridotite (sp. gr. 3-287), with dark bands 
composed of olivine granules and chromite*. Hawaii consists of heavy 
Sima rocks, and nowhere is the development of the green rocks so con- 
siderable as in New Caledonia and New Zealand. 

In the majority of the cases cited, we may doubtless assume that the 
ladiolaria really point to the deep sea. This is in complete accord with 
what has already been said as regards the foredepth of the Northern 
Antilles and the radiolarian rocks of Barbados. In the Alps, e. g. in Wiih- 
ner s sections of the Sonnwcnd range, this view is also supported by their 

Tiidiolarian rocks is so regular that Lawson and Palaohe assume a rhythm; op. cit., 
1902, II, no. 12 (The Berkeley Hills), p. 354 et seq. A survey of the outcrops on the peri- 
phery of the Asiatic system is given by F. Sacco, L^s formations ophitiferes du Cretace, 
Bull. Soc. g4ol. Beige, 1905, XIX, pp. 247-266. 

' Diller, Peridotite of Elliot county, Kent, Bull. U.S. Geol. Surv., no. 3<S, 1887, 31 pp., 
recognizes the resemblance to South Africa fp. 23). Kemp and Ross mention the 
following occurrences : 1. three dykes of mellilite basalt and serpentine, one of them 
near Syracuse, another to the east of it, and a third 403 kilometers to the south-west of 
the town. 2. South-west Pennsylvania, 320 kilometers from the latter locality, two dykes 
of peridotite, side by side with pyrope and ilmenite, recalling diamond pipes ; 3*440 
kilometers to the west of No. 2 a thick dyke of mica peridotite ; and 4*480 kilometers 
south-west of No. 3, near Pike City, Arkansas, another dyke of this kind said to be 
younger than the Cretaceous. No. 2 converts the coal into coke for 50 feet and is 
younger than the Permian, Ann. N.Y. Acad. Sci., 1907, XVII, pp. 509-518. 

* G. Stcinmann, Die geologische Bedeutung der Tiefseebildungen und der ophioli- 
tischen Eruptiva, Geologische Beobachtungen in den Alpeh, II, Ber. naturf. Gos. Freiburg, 
1905, XVI, pp. 44-65. 

’ Thoroddsen, Island ; Peterm. Mitth., Erg.-Heft no. 153, 1906, pp. 264-265. 

* A, Renard, Report on the Petrology of the Rocks of St. Paul, Challenger Narrative, 
Hi 29 pp. The rock bears the clpsest resemblance to the peridotite of the Ultentfaal * 
(l>rol). 
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association with Aptychus limestone, and the fact that the calcareous base 
of the sharks' teeth has been dissolved and removed. From this it follows, 
however, that the Tethys, where it extended over many places now 
occupied by the Alps, or over the region in which the roots of the 
Lepontinc sheets arc to be found, can hardly have been less than 
4,000 metera in depth. 

Yet where the folded mountiiins have not been formed in the deep sea, 
the green rocks still make their appearance. Tliis is particularly well 
simwn in the Pyrenees, where, in the west, north of the plain of Maul^n, 
the external form of the mountains is completely lost, the Trias is only 
represented by gypsum, and tlie whole stratified series is of trifling thick- 
ness and repeatedly interrupted, but at the same time it is dislocated, and 
OvS far as Dax, accompanied by ophite (IV, p. 2t39). The green rocks are 
here asscx?iated witli dislocations, but not with the deep sea. 

The green rorks are sills in didocated mountains^ vjh ich sometimes folloir 
the bedding iilanes arid at others the planes of movement^. They follow 
the planes of movement, for example, in the window of the Paring and in 
the window of the Inn, but in the latter there is a possibility that they were 
traUvsported as an already consolidated injection. This doubt does not 
attach to the great plane of movement upon which the Tibetan segments 
have been carried ov er parts of the Hinidlaya ; for this reason it deserves 
a closer consideration. 

We have repeatedly made mention of the chain of Eocene and possibly 
Miocene V»eds, which accompanies the upper Indus ; it attains a length of 
over 300 kilometers ; a breadth, in places, of 30 kilometers, and a height, 
in the Stok (south of Leh) of 6,400 meters. 

On its noith-east side, according to Lydekker, the Tertiary beds, often 
lying remarkably flat, rest normally superpo.sed upon the gneiss and syenite 
of Ladakh. Its .south-west side is accompanied at both ends by two long 
ranges of Sima rock, with a maximum breadth of 16 kilometers. Both 
the Tertiary sediments and Sima rocks terminate towards the south-we.st 
along a fracture which .separates them from tlie Carboniferous and gneiss 
of the chain of Zanskar. 

Basalts and ashes occur, which point to eruption, and from the Puga 
valley (north of lake Tsomoriri) McMahon describes holocrystallinc peridotite, 
gabbro, and serpentine. These form part of the cniptive zone, and occur 
in it, both in the south-east near Hanli (Rupshu) and in the Markha valley 
(south of Leh)^. 

Let us now turn our attention to a point 300 kilometers further to the 

' E. Sue.s8, Sur la nature des ebarriages, C. R. Acad, Sci., 7 nov. 1904. 

* R. Lydekker, Geology of the Kashmir and Chamba Territory, Mem. Geol. Surv. India, 
1883, XXII, pp. 99-121 ; C. A. McMahon, Petrological notes on some Peridotitoe, &c., 
op. cit., 1901, XXXI, pp. 303-329. ‘ 
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south-east, following the sti'ike of the mountains, and consider Griesbach’s 
map of the watershed between the Indus and Sutlej, in conjunction with 
Krafft’s map of the heights of Balchdura and Kiogarli, situated near this 
watershed ; the last-named map also embodies the results of Griesbach and 
Diener’ (III, p. 278, fig. 15). 

The traveller approaching this watershed from the south-west vsees 
Ixjfore him the great scarp of the Silakank, facing to the south (I, p. 437, 
fig. 46), which includes the whole series of Spiti, from the Silurian to the 
Oetaceous Flysch (sandstone of Gieumal). This series, some thoimnd 
meters thick, forms the basement of the plateau of Hund^s. 

Griesbach, approaching Hund^s across the Niti pass (very nearly north 
of the Silakaiik) oVjserved, besides Flysch with Inoceramus, an altered rock 
with Nummulites, which ho correlated with the above-mentioned Eocene 
zone of the upper Imliis. Hundds is covered l)y Tertiary deposits, in whicli 
the Sutlej has excavated its bed Further to the south-east, on the 
Balchdura pass, he met with basic eruptive rocks, which he assigned 
forthwith to the great mass of similar rocks observed by Strachey on lake 
Manasarowar, and regarded as the continuation of those on the upper Indus 

Balchdura pass is one of tliose points at which the alien recumbent 
sheets of Tibet rest upon the Flysch and the Himalayan series. The great 
similarity of its facies witli certain East Alpine stages of the I'rias aiul 
Lias has been established by Bieiier *. 

Krafft has shown that the Flysch, into which no dykes extend, is licre 
followed by eruptive rocks, filled in places with hundreds of exotic Tibetan 
Iflocks. Some of the blocks have been injected with narrow dykes which 
liave marmorizod the limestone. On some of the Kiogarh lulls the pro- 
portion of eruptive rock is so small that these hills may be regarded 
as limestone. The blocks are chiefly very much altered andesites or 
«Hal)ases ; on Balchdura serpentine with chromite has also been found. 

Kraflft justly observes that the source of these rocks must lie towards 
the north or north-east, for there no dykes occur in the basement. In tlie 
same direction also litvs tlie probable source of the exotic blocks. 

These observations show that the overthrudiny of the Tthdan segments 
and the emergence of the Sima rocks occurred siniuUaneoiidjf, 

^ Griesbach, Geology of the Central Hiinahiya, Mem. Geol. Surv. India, 1891, XXIII, 
2112 pp., maps ; A. v. Krafft, Notes on the ‘Exotic Blocks’ of Malla Jobar in the Bhot 
Mountains of Kumaon, op. cit., 1902, XXXll, pp. 127-18J5, pi. 14. 

" Griesbach, op. cit., Mem. Geol. Surv. India, 1891, XXJII, pp. 8Jl, 130, 155. 

® Cf. Oldham, Manual of the Geology of India, 2nd *ed., 1893, p. 348. The pass of 
balchdura slopes north-easi to the Sutlej, the distance is only about 23 kilometers ; the 
distance of the lake from the conjectured continuation of the strike would not be much 
greater (according to Griesbach'e map). 

* K. Biener, Die Faunen der tibcjanischen Klippen von Malla Johar (Central Himalaya), 
Sitxb. k. Akad. Wiss. Wien, 1907, CXVI, pp. 693-714. 
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If the Sima rocks of Balchdura and Kiogiirh may be regarded aa 
actually forming the continuation of those of the lake of Manasarowar, 
then we arrive, by conjecture, at the following result : — 

From Kargil, on the Indus, onwards, a Tertiary intercalation extends^ 
parallel to the strike of the mountains, for about 600 kilometers; it is 
ticcompanied for long distances by Crofesiina, andesitic, and basaltic rocks, 
and in places by ashes. The latter indicate that a zone of volcanos formerly 
existed here, lying in the strike of the mountains. — 

Hochstetter recognized long ago that the Nifesima rocks of New Zealand 
form a mighty sill. Most probably, ticcording to Mackintosh Bell, and 
Fniser, they have foixied their way into the great riinge cast of Hokitika, 
along lines of weakness at the base of monoclinal folds ^ But that these 
sills were primary, independent paths of discharge from magmatic depths 
hardly admits here of direct proof, unless we are content to recognize the 
abyasal, Nifesima series, such as awaruite, nickel ores, &c., as in itself 
sufficient evidence. 

Balchdura represents the margin of a plane of movement of the first 
oixler, along which sedimentary series of divergent facies rest one upon the 
other. 

The sole of the Dinarides on the south )x)rder of the Alps is a plane of 
the same kind. In association with this, also, intrusions occur. Sometimes 
they coincide with the boundary, and at others lie to the north or south 
of it. We have already referred to the relations of tlie several parts of 
this stinicture to one another, and especially to the green rocks of Ivrea, 
the tonalite zone, and the Styrian andesites (IV, p. 135). Lrficroix concludes 
that the green rocks of the Pyrenees are derived from the marginal facies of 
granitic batholites. They would thus be separations from a mixed magma, 
recalling the base of Sudbury, and it is possible that the question may one 
day be raised, whether the principal range of Ivrea with its nickel ores and 
peridotite is not the natural base of the diorites. It sends its green sills 
only into the Alps, not into the Dinarides. 

As soon as Ave attempt, however, to discover a path of discharge w(^ 
must not forget that an actual superposition of the Dinarides upon the Alps, 
such as might l^e expected, is preserved, as a matter of fact, only at one 
restricted locality, and we must Vjear in mind that along considerable inter- 
vals only violent compression, or fracture is shown, and that in Carinthia 
the tonalite range is accompanied for more than 40 kilometers by a narrow,, 
younger range of granitite, which is separated from the tonalite by a 
narrow band of highly altered schist ; further, that the tonalite is occasionally 
converted into gneiss by later metamorphism — in short, that this line of 
thrusting of the first order must also have been the scene of further 

^ J. Mackintosh Bell and C. Fraser, Geology of th{ Hokitika Sheet, See., Bull. Ocol. 
Surv. N.Z., no. 1, 1906, 101 pp., maps, in particular j>. 68. 
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tectonic processes of a different kind. Along the Dcau and the Gail 
a long downthrown area actually makes its appearance in thite Alps. 

Both the ashes and lavas of Tsomoriri, and the andesites of South Styria 
point to the presence of volcanos. These facts will come under considera- 
tion in discussing the occurrence of active volcanos 

' Here, as in the two following chapters, we meet in all cases with a peculiar difficulty 
in giving specific gravities. Sal is given as 2*7 (p. 546), while many works mention 2«8 
as the mean result of numerous determinations. But since most collections contain only 
a few specimens of uniform and widely distributed gneiss, but a great many of various 
kinds of dyke rocks, inclusions, and so on, 1 think that 2*8 is too high. For the same 
reason 3-287 may be correct for the peridotite of St. Paul (p. 563), but for the general 
questions considered here the associated chromite must also be taken into account. 
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OEIGIN AND ARRANGEMENT OF VOLCANOS 

Phreatic ezploRions. Association with dykes. South African funnels. Distribution 
of the volcanos. Volcanic lines. Atlantic and Pacific lavas. 

Phreatic exj)losions. When juvenile hydrogen encounters an unlimited 
quantity of vadose water, we witness a spectacle such as was presented by 
Krakatoa in 1883. In discussing the great pulverization which preceded 
the formation of Monte Nuovo, Johnston-Divis suggests the possibility that 
the fii*st outbreak may occiir with increased violence if the ascending lava 
meets with a water-bearing stratum ^ In this case the effect may have 
been due to phreatic water in the neighbourhood of the sea, l)ut when 
phreatic water is confined in the fissures of a limestone formation, the 
explosion shatters the limestone, and finds relief in eruption channels (Dia- 
tremes, Daubr<^e). This may have been the origin of the millions of small 
angular fragments of Apennine limestone in the tuft* of the Albanian 
mountains, and to the same cause may be attributed tlie fluorspar-bearing 
volcanetti, discovered by Scaicchi round the margin of the centra! Italian 
inbreak, from Mondragone, Jiorth of the lower Volturno, through Caserta 
to the north loonier of the peninsula of Sorrento. Scacchi thinks that 
they were all of late origin and short-lived-. 

The almost circular Rioi near Ndrdlingen, has been regarded «xs an 
inbreak (I, p. 197). Branco has since described ovei* a hundred tuff-filled 
eruption channels (necks, embryonic volcanos) wliich occur in its immediate 
neighbourhood. A number of parallel instances have convinced me that 
the Ries was produced by a phreatic explosion at the base of the Jurassic 
limestone *^. Sedimentary and in part granitic blocks have been driven 
out beyond its borders, but the pi'eservation of the granitic mass in the. 

^ Johi;)titon'LaviB, Geology of Mt. Somina and Mt. Vesuvius, Quart. Journ. Geol. 8oc., 
1884, XL, pp. 35*“! 19, in par^cular p. 40. 

® A. A. Scacchi, Le regioni vuicaniche fluorifere della Campania, Mem. Com. geol. 
ital, 1890, JV, 47 pp., map (a first edition appeared in 1885). 

^ E. Suess, Einige Bemerkungen ttber den Mond, Sitzb. k. Akad. Wiss. Wien, 1895, CIV, 
pp. 21-54, in pai-ticular p. 34. Daubrde's experiments show the force of an explosion, 
tut presuppose the presence of a fissure ; Experiences sur les actions m^caniques 
exerc<kfi sur les roches par des gaz, etc., C. R. Acad. Sci. ‘Paris, 24 nov. 1890 ct seq. 
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centre is significant. The complete fragmentation (V^ergriesung) of the 
Jurassic limestone is the same phenomenon Jis the shatteriiig of the Apen- 
nine limestone. The limestone blocks also, which lie within the volcanetti 
are said to fall to pieces beneath a blow of the hammer h * 

The same explanation also holds good for the eruption canals of eastern 
Fife, described in a masterly manner by Sir Archibald (leikie 

The peninsula between the Firth of Tay and the Firth of Forth consists 
on the north, south of Dundee, of Old Red Sandstone, and on the south, of 
Carboniferous, probalily 7,000-8,000 feet thick, with repeated dykes and 
intercalations of dolerite. Tn the Carboniferous area a zone about 13-16 
kilometers broad, extending from St. Andrew’s bay south-south-west to 
Largo bay, presents about eighty volcanic necks or (iruptive chimnies. 
Only one of them lies outside the Carboniferous, and to the west of it. 
Almost all are filled with a tuff produced by the pulverization of a basic 
lava ; the rare exceptions liave apparently remained empty, and now 
contain nothing Imt ordinary debris. Sections observed along the coast 
show that they are independent of the faults, and the lie of the Carbon- 
ifei’ous beds, and that each of them must have been bored out as a more or 
less cylindrical cavity. Tliey vary in diameter from 9 to about 800 meters. 
Loose crystals of orthoclase, soinetiinos more or less rounded and corroded, 
and in one case as much as two pounds in weight, as well as hornblende, 
augite, pyrope, and a great deal of quartz sand lie in the tuff*. All the more 
striking is the fact pointed out by Gcikie, that although they contain 
inniimerablo splinters of Carboniferous rocks, yet no trace of the subjacent 
Old Red Sandstone or of still deeper-lying sediments has been observed. 

‘ It must be admitted/ says Geikie, ‘ that from the nature of the contents 
oi' the necks no argunuait can be drawn in favour of a deep-seated origin 
for the eruptions.* 

We should be inclined to look for this origin in a phreatic layer at tlie 
Ijoundary of tlie Old Red Sandstone and the Carboniferous. 

Connextoii with dykes. Where it is possible to approach the deeper- 
seated ajflTcrent paths we generally arrive at fissures. A simple illustra- 
tion is afforded by Dutton s description of tlio region situated between the 

’ W. Branco, Scbwiiben’s huiiilert funf-und-zwanKig Vulciin-Embryonen tmd deren 
tuflcrfiillten Ausbruchsrdhren, Jahresh. Ver. Natuik. Wurtt., 1804 and 1895, 816 pp., 
maps; also a number of works by Branco, Koken, E. Fraas, Knebel, Oaiser, and Ober- 
<I.orfcr. 1 only mention Bmneo, Das vulcanischc Vorries, etc., Abh. k. Akad. Wiss. Berlin, 
(1902) 1903, 132 pp., map. The twisted tiuchyto drops of the adjjicent Haarhof are of 
no value (without inclusions of an older lava) as indications of a former eruption ; on 
this point see Mercalli, Notiz. Vesuv., 1895, pj). 7, 10. Branco describes the process in 
the Kies as a contact explosion ; by contact he means the lower limit of the subterra.neiin 
water. 

* A. Geikie, The Volcanic Necks of Eastern Fife, Mem* Geol. Surv. (from the Geolop^y 
of East Fife), 1902, pp. 200-285, map. 
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Rio San Jos^ and the Puerco, close to the south-east border of the Colorado- 
plateau *. ' 

Mount Taylor (3,471 meters), an andesitic cone, dominates the volcanic 
mesa (2,500 meters) which surrounds it. The mesa descends steeply to- 
a plain formed of horizontal Cretaceous beds. In the north it terminates 


Heights in feet. 



Fig. 50. Mesa of nmunt Tayht and Pi'Ma fafter Dutton). 

T, Trias ; J, Jurassic ; K, Cretaceous; Vt, Tertiary onii»tiv« rock ; Vb (black), recent Basalt. 

along a. depression, 19 kilometers broarl, which lies 250 to 450 meters 
lower, and is traversed the Puerco ; on the other side of the river lies 
the mesa Prieta, which once formed the continuation of the mesa of mount 
Taylor (fig. 50). 

.* C. E. Dutton, Mt. Taylor and the Zuiii Plateau. Ann. Rep. D.S. Geol. Surv., 1885, VI, 
pp. 111.202, map. * 
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Above these two volcanic plateaux rise between 100 and 200 scattered 
necks, representing so many centres of eruption. Between the plateaux 
the Puerco has removed by denudation not only the volcanic sheets, 
but in places also, a thickness of 300 meters oE friable Cretaceous 
sediments, so that the upward course of the funnels is visible. At first 
glance the cross-section appears to be circular ; but this is only true of the 
upper parts. Further down a lateral extension occurs. ‘The longer axis/ 
says Dutton, ‘ is often continued right and left into dykes which extend far 
from the centre of eruption/ 

A number of similar examples, in whicli a network of dykes is exposed 
beneath effusive masses might be cited. Here we will only mention those 
in which active agency of the gases, and the secondary results of this agency 
are visible. 

In the course of al>out twenty years, stibsefjuent to 1874 a long 
fissure opened up, during repeated eruptions, across the crater and all 
the upper part of mount Aetna (I, pp. 84, 177), and as early as 1883 
Silvestri observed that as the fissure l>ecaTnc wider, a greater quantity of 
gas escaped, and the activity of the mountain in other places was diminished 
by this discharge b 

In the coal-mines of the lovrer horizons present a large number 

of steeply-ascending faii^y parallel basalt dykes; at higher horizons the 
miner can drive his levels without encountering them. Only at one locality, 
near Polnisch-Ostrau, does such a dyke, ascending through marine Tertiary 
sand, reach the existing surface. The basaltic injection, after rising 
upwards iti the dykes for many thousands of meters, and on the way 
converting the coal for a short distance inwards into coke, then came to 
a full stop one or two hundred meters below the existing surhice b 

Oeikie has described the manner in which the Cleveland dyke of Scot- 
land remains, for a considerable distance, just under the surface ; in places 
it seems as though its subterranean head followed the irregularities of the 
ground, although it has ascended from depths in which the thickness of 
the sediments alone amounts to 5,000 meters. As the dyke approaclies the 
surface it sometimes thins out, so that while at some distance below the 

' ‘Perche avendo esse (le materic vaporose) potato trovare un immodiato sfogo da 
estesa fenditura rimasta aperta, fecero rapidamente diminuire quella tensione nocessaria 
a spingerc al di fuori la lava di centri di dove avea incominciato a scaturirc/ 0. Silvestri, 
Sulla esplosione eccentrica delP Etna arr. il 22 Marzo 1883, Acc. Gioen. Catania, 1884, 
XVII, 195 pp., maps, in particular p. 125 ; A. Ricco e Arcidiacono, L’enizione del- 
l*Etna nel 1892, R. Osserv. di Catania ed Etneo, 1904, 1 (in three parts, maps) et passim. 

* The older known examples are recorded by J. Niedzwiezki, J ahrh. k. k. geol.Reichsanst., 
1873, XXIII, pp. 283-288, map. A sketch of the details was presented to the members of 
the Ninth Geological Congress of 1903 by Director of Mines Dr. Pillunger in M^hringen * 
Ostrau. On the low temperature, Jii&inksky in Monographie des Ostrau-Karwiiier 
Steinkohlen-Revieres, 4to, Teschen, 1885, p. 11, figs. 3- 7. 
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surface it may measure 24 meters ; at about 100 meters higher it becomes 
only 6 meters, 'and then wedges out; sometimes it ends bluntly and 
suddenly' (fig. 51). 

In the sapphire mines of Yoga can(yti, Montana, a dyke of basic 

lamprophyre 3 to 6 feet thick ascends 
through limestone. Weed and Pirsson 
describe a spot at which this dyke fails to 
reach the surface and terminates abruptly. 
Its head, however, is converted, by the 
inclusion of more or less altered frag- 
ments of limestone and shale, into a 
51 . End ifahiimitdyk^iiiUcr brcccia ; it is in this that the sapphires 

are found 

In Ostrau, as in the Yogo cafion, indi- 
cations of a high tempe}*aturc are visible even in the upper parts of the 
dykes. Fig. 51 can only be explained on the assumption that a fissure 
existed, and that the parallel walls were forced asunder. 

In Ostrau I was left with the impression that the injection of the dykes 
took })lace simultaneously and fairly equably. When it arrived at a point 
iOO or 200 meters below the existing surface an eruption may have occurred 
somewhere, which caused a general relief of pri&ssure and a consequent 
cessation of movement Possibly we may connect with this Geikie*s 
statement that in the basalt dykes of Scotland a lateral movement of 
vesicles is indicated. 

It is obvious that a whole network of dykes may be present in the 
ueighVx)urhood of a volcano, and yet, owing to the relief of pressure brought 
about by the volcano, may fail to reach the surface. But the recognition 
of this fact does not advance us much, for the dykes which reach the 
surface may either represent fissures formed in the roof of an iiscending 
batholite, or they may be llssiires formed by faults ; as regards the latter, 
however, especially when they are arranged in steps, the question still 
remains whether they may not have arisen by an after-subsidence of the 
magma. Such step-faults have been described in detail by Hibsch in the 
region comprised in sheet Priesen of the Bohemian basalt mountains^. 
The question is mudh more difficult of solution where undoubted tectonic 
<listurbances occur beneath a volcanic I’egion, as well as step-faults of 



* A. Geikie, Ancient Volcanos of Great Britain, 8vo, 1897, II , p. 147 ct seq. ; J. J. H. 
Teal], Petrological Notes on s^me North of England Dykes, Quart. Joiirn. Geol. Soc., 
1884, XL, pp. 209 246. 

* W. H. Weed, Geology of the Little Belt Mountains, Montana, accompanied by a 
Report on the Petrography of the igneous Rocks by h. V. Pirsson, Ann. Rep. U.S. Geol. 
8urv., 1900, XX, 3, pp. 257 to 581, maps, in particular pp. 454- 459 and 552. 

^ J.E. Hibsch, Geologische Karte des btibmischen Mittelgebirgc8,Blatt V; (Tschermak), 
Bcoke, Min.-petr. Mitth., 1902, new ser., XXI, pp. 465- 590* in particular p. 469, map. 
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various ages. Such a case has l:)een described in central France by Michel 
LSvy, Giraud, Boule, Glangeaud, and other observers ^ In other cases two 
formations of a different nature are brought into close apposition, and the 
occurrence of volcanic rock on a tectonic boundary is undoubted, ‘as in the 
Banat (I, p. 162, fig. 21) ; sometimes we have an inbreak as in the Lipari 
isles, sometimes great afferent paths of the first order, which become 
visible in long volcanic lines. 

In addition to the various kinds of dykes just enumerated, there is 
yet another group of different origin. This includes dykes which are very 
long, parallel, and rectilinear, with smooth selvages, often of trifling thick- 
ness, and cutting across the strike of the formations. Examples of this 
kind were quoted in discussing passive injections ; the bituminous 
dykes of Utah arc typical. Diller found, in 1890, that certain dykes of 
sandstone in California follow the cleavage^. This, indeed, is the only 
adequate explanation. Neither explosion, folding, nor contraction, but 
only general pressure, possibly accompanied in places by a slight secondary 
torsion, is capable of producing parallel lines of this kind. No small part 
of Daubrdc’s diaclascs must be referred here. Parallel volcanic injections 
of this kind are also known, and their connexion with the cleavage has 
long been recognized. In not a few cases parallel lodes must bo included 
under this head. • 

A peculiar feature of these fissures consists in the fact that when they 
reach the boundary of another rock less suited for the formation of 
cleavage planes, they suddenly splinter out or come to an end. The 
German miner says ‘the dyke smashes itself up*. Bituminous dykes 
V»ehave in a similar manner 

South African funneh. South Africa affords examples of injection 
and explosion in most manifold variety. 

The dolerite sills of the Karoo belong to an older phase of that widely 
extended process, the more recent phase of which is represented by the 
diamond-bearing funnels. On the north side of the Cedar mountains the 
sills reach the Atlantic Ocean; in the Great Kci they reach the Indian 
Ocean. 

' Here we will only refer to M. Levy, Bull. Soo. geol. Beige, 1890, 3® ser., XVIll, 
p. 700, fig. 3, and M. Boule, op. cit., 1893, 3® aer., XXI, p. 552, tig, 11 ; further to 
Giraud, Bull. serv. Carte geol., 1903, XIII, p. 397, fig. 97, and Glangeaud, Liniogne, 
Sept pdriodes d'activite volcanique du Miocene inf^rieur au Pleistocene, C. R. Acad. »Sci. 
Paris, 9 mars 1908. , 

* J. S. Diller, Sandstone Dykes, Bull. Am. Geol. Soc., 1890, 1, pp. 411-442. We will 
not here enter into the question whether and to what extent torsion is responsible for 
the cleavage. 

* As, for example, in West Virginia, Eldridge, The Asphalt and Bituminous Rock 
Deposits of the United States, Ann. Rep. U.S. Geol. Surv., 1901, XX, 1, pp. 209-4ft2, 
maps, note 4, p. 236. 
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Still wider is the; distribution of the funnels. One only is known in the 
folded mountaiifo, not far from Heidelberg ; it is younger than the Uiten- 
hage series^. Even to the east of Rietfontein, more than 7 degrees of 
latitude bo the north of Heidelberg, Cohen has observed the same mellilite- 
basaJt-, and diamonds are found even on Cfennan territory up to the 
neighbourhood of Luderitz bay. Harger mentions funnels in the north- 
west as far as Damara land, and in the north-east even into the neighbour- 
hood of the Zambesi The whole land, extending over about 16 degrees 
of latitude, must be regarded as a region of great gaseous eruptions. No 
other example is known which can even aj^proach it in magnificence. 



Fra. 52. Dyke near Mdkmmewj (.'ifter Schwarz). 

Black, Doleritc ; 1 to 4, Stages of the Karoo series : a to e, small j>ipc«. 


Rogers and Schwarz conclude, as the result of their valuable investiga- 
tions, that the dolerite sills are inclined on all sides towards the basin- 
shaped centre of the Karoo, or more precisely, that they iiCj toivards the 
cent re, in the deeper beds of the Karoo series. This result is brought about 

' A. Rogei-s and E. Schwarz, Ann. Rep. Geol. Comm. Cape of Good Hope, (1898) 1900, 
p. 62, On the Zuurberg a fault occurs accompanied by a dyke of mcllilitc basalt, also 
more recent than the Uitenhage stage ; Trans. »S. African Phil. hJoc., 1905, XVI, pp. 189- 
199. At a great distance from this point towards the north-west two other dykes occur 
in the folded mountains. Since ashes and flows are mentioned on the Drakenberg in 
cavernous sandstone (Rhaetic Of Lias), the eruptions seem to have been of long duration ; 
ef. Du Toit, Trans. S. African Phil. Goc., 1905, XVI, a., pp. 53-70, map. 

* E. Cohen, Mellilith-Augit-Gesteine und ctilcitfiihrcnder Aplit aus Siid-Afrika, 
Tschermak, Min, Mittb., 1895, new ser., XIV, pp. 188-190. Cohen was one of the first 
to give a detailed description of the occurrence of diamonds. 

* H. 8. Harger, The Diamond Pipes and Fissures of South Africa, Trans. S, African 

Phil. Geol. Soc , 1905, VIII, pp. 113-115. ’ 
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in one of two ways ; either the sills cut through the bediji at an acute angle, 
or a sill suddenly and abruptly enters a lower bedding plaife. It is inferred 
that the centre of the Karoo has subsided. Rogers remarks that a true batho- 
lite has never been observed in the Karoo The various ascending dyke- 
fissures and eruptive centres are also affected by these general conditions* 
In Matatiele, under the slopes of the southern Quathlamba, E. Schwarz 
has described 19 doleritic outbreaks, and in part also their connexion with 
the dykes. Fig. 52 represents one of these dykes, over 160 kilometers in 
length, and for the most part only 18 to 20 meters in breadth, but at one 
place it rapidly widens out. This is tlie lemon-sliaped cross-section of an 



Fig. 53. Infenupled djfke in Ma1aiic.lt; (after Schwarz). 


i‘ruptive centre, whicli continued drilling has lirought constantly nearer a 
circular form. A second dyke (fig. 53) is only visible for 6-5 kilometers ; 
its thickness is very variable, but reaches 360 meters. It forms a high 
wall between two of the uppermost tributaries of the Umzimburu 
(St. John's river), and is broken up into conical peaks by weathering. 
Near its centre the dyke is suddenly interrupted, and the sandstone 
i)eds extend horizontally over it ‘^. 

A little wc.st of Sutherland (S.W. Roggeveld), Rogers and Du Toit 

’ Rogers and Schwarz, Geological Survey in the South Parts of the Transkei and 
Pondoland, Ann. Rep. Geol. Comm., (1901) 1902, pp. 25-^6, map. in particukr p. 30 ; 
Rogers, An Introduction to the Geology of Cape Colony, 8vo, London, 1905, p. 247 ; and 
Gouritz River, Trans. S. African Phil. Soc., 1903, XIV, p. 377 et passim. 

® E. Schwarz, Geological SiuToy of Paii of the Matatiele Division, Griqua Land East^ 
Geol. Comm. Cape of Good Hope, (1902) 1903, VIIT, pp. 11-96, map, in^particular p. 48 et 
«eq., * Fissures of Eruption.’ * 
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obsen^ed a semi-circular dyke of mellilite-basalt 2 kilometers in length, 
split at one end, and at the other narrowing away along a line of distur- 
bance (fig. 54, II). On the south the sandstone dips away from the dyke on 
both sides, but on the north only in places, and then only on the south side. 
In the angle of I a shaft was sunk in bluish grey tuff ; towards the south- 
west we sec a breccia of sandstone and schist ; between the fragments the 
microscope reveals mica, augite, perofskite, and other minerals. At other 
localities a grey rock occurs, with numerous crystals of olivine, and bits of 



Fig. 54. intrusion nj MelliUte lictsaU near Suiherlawi (after Rogers and Du Toit). 

ilmenite, as in the diamond-bearing funnels; III and IV are mellilite- 
basalts: V to VII are imperfectly exposed, but certainly different from 
the others; they contain, in addition to many shards of sandstone find 
shale, only an extremely vesicular glass b 

This case may possibly represent an attempt to form a crater. II may 
liave been discharged through V-VIII, 

We now approach the diamond-bearing funnels. They often traverse 
thick doleritic sills. Broadening towards their upper part, they attain 
diameters up to 300 and exceptionally even 685 meters. Many of the 
smaller funnels are lem'on-i^aped in cross-section Harger shows that 

* A. Rogers and A. L. Du Toit, Ann. Rep. Geol. Comm. Cape of Good Hope, (1903) 1904, 
p. 43 et aeq. The Sutherland Volcanic Pipes and their Relationship to other Vents in 
J?outh Africa, Trans. S. African Phil. Soc., 1904, XV, pp. 61->83. 

* See, for example, Hatch and Corstorphine, Geology of South Africa, 8vo, 1905, p. 290, 
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several hundreds of these funnels are scattered through South Africa. 
They appear to occur in groups, and many dykes are known besides, from 
30 meters down to a few inches in width, which often contain diamonds 
but are not worth tlie trouble of working. They are frequently fillfed with 
harder rock, and sometimes broadening out suddenly, assume all the 
(jharacters of the funnels. Thus we must conclude that the dia'inond- 
hearing funnds are also con meted with a network of dykes, 

Du Toit’s description of the St. Augustin mine at Kimberley gives some 
idea of this connexion (fig. 55). 


N 



Fia. 65. Saint Augustine minCj near Kiynbcriey (after I)ii Toil). 
Explosion along ii crooked path proceeding from a fissure. 


At a depth of 244 metei*s we see the fissure ; l)e tween this depth and 
155 meters the mixture of gases and diamond-bearing tuff, forcing its way 
iq)\vards, found a spot, situated more than 20 meters to the south of the 
Hssure, where it was able to bore its way through and explode. Where the 
[perforation begins the fissure disappears (evidently owing to discharge), 
and at a depth of 155 meters (IV) it is seen no more. At a depth of 
131 meters the axis of the perforation is displaced to the extent of over 
30 meters; from this point onwards it ascends and becomes rapidly 
broader ^ 

« 

in particular Harger, Trans. S. African Geol. Soc., 1905, VIIT, pp. 113-115, and numerous 
•ujcounts by Graichen, Macco, Voit, and R. Beck, in Zeitsebr. prakt. Geol., especially 1906 
mil 1907. 

' Du Toit, Geological Survey of the East Portion of Griqua-Land West, Geol. Comm. 
Dape of Good Hope, Ann. Rep, (1906), 1907, XI, pp. 87 -176, in particular p. 140. 
aor.r.A8 iv , P p * 
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I 

We will not** in this place enter into a detailed description of the 
composition olf the kimberlite, the rock which fills the pipes. In spite 
of many points of resemblance with rocks which must be regarded as 
represdhting the great depths, a difference may yet be observed. Chromium 
plays only a subordinate part, and nickel is not mentioned. It is possible 
that the ilmenite which sometimes occurs here in great quantity may 
indicate an opposition between nickel and titanium similar to that which 
is observed in many iron ores, in some of the fixed stars, and in sun-spots. 
Titanium accompanies the great gaseous eruptions of the sun, just as it 
has accompanied here the greatest gaseous eruptions of the earth ^ Among 
the many problems with which we are confronted in passing, this is one 
of the most fascinating. 

The presence of diamonds is known at not a few places ; they always 
occur in sporadically distributed deep-seated Sima rocks, and always in 
regions w’hich have long been consolidated. One such locality is Ruby Hill, 
Dinoga, Murchison county, New South Wales In Borneo diamonds are 
found in peridotite. Widely scattered occurrences of similar rocks have 
already been mentioned in the United States, but they have so far yielded 
no diamonds. 

In their typical form, as they occur in South Africa, the diamond 
pipes are indications of mighty gaseous eruptions wliich proceed from 
very great depths. They fonn an independent group among explosive 
phenomena. 

Didribution of volcanos. The emission of gases does not take plac<; 
so freely on the earth as in the sun, and has not advanced so far as in tlu^ 
moon. It is restrained by the lithosphere. Thereby it is brought under 
the control of definite circumstances, which admit of classification, witli 
a remainder, it is true, of outstanding exceptions. 

The distribution of volcanos does not follow the same plan in the 
Atlantic and the Pacific hemispheres. 

In the Atlantic region we meet with (a) diffuse volcanic areas; (h) 
volcanos standing on disjunctive lines produced by tension ; (c) volcanos 
collected in groups. 

(a) An example of a diffuse volcanic area is afforded on the largest 
scale by the basaltic lavas, which extend from Greenland to the north 
of Ireland and cover a considerable pai-t of North Siberia {IV, p. 261). It 
cannot be shown that this boreal region was ever simultaneously active 


* E. Suess, Eigenthiimlichkeiten eiaiger HimraelskOrper, Sitzb. k. Akad. Wiss. Wien, 
1908, CXVI, pp. 1555-1561. 

E. P. Pittman, Ann. Rep. Depart. Mines, N.S.W. (1900), 1901, pp. 180, 181, map. 
c In Brazil different conditions prevail ; cf. O. Derby, Am. Journ. GeoL, 1898, VI, pp. 121' 
146. * 
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over its whole extent. On the lower Tunguska the flows appear as early 
as the Permian flora, and further south they are younger tfiaii the existing 
valleys; in Franz- Josef Land they belong to the middle Jurassic; in the 
island of Disko, West Greenland, they range through the period pf the 
lower and middle Cretaceous ; in Ireland they are Tertiary ; the active 
volcanos in Iceland and Jan Mayen are probably their last remains. 
Where they have been studied in detail, as in Scotland, these lavas are 
found to have issued from an extensive network of dykes. In Greenland 
they rest upon parts of Laurentia ; in Scotland, Ireland, and the Faeroes 
upon the Caledonidcs; in Siberia upon Angara land and also upon parts 
of the Baikal vertex. 

A second example is presented by the effusive sheets of the Deccan trap 
(I, p. 411). The date of these is supposed to lie nearly on the boundary 
])etween the Cretaceous and the Eocene. Their oiitlicrs extend from the 
Indian peninsula to the outer folded ranges of the Iranian chains of Sind, 
which form part of the periphery of the Asiatic system. 

The sheets and deposits of the Karoo are of Permian and lower 
Mesozoic age ; they are distinguished by the gaseous eruptions which 
followed them. 

(h) The volcanos standing on clujimcMve liries are represented in the 
African troughs. The troiighs of the Rudolf-See — Syria, Tanganyika, 
and Karaeroon are the most important. The fissures from which they 
proceed have been produced by tension, and the after-subsidence of the 
l)Orders has given rise to the long horsts in the fault-troughs. 

One of these lines, the Rhine trough, lies outside Gondwana land, in the 
midst of the western Altaides ; but the direction is the same, and we must 
assume the existence of similar tensions. 

It is worthy of note that in the panzer-horst of Iceland, also, the simple 
fissures sho\» a tendency to pass into troughs. 

(c) Examples of groups of volcanos are afforded by the Azores, the 
Canary isles, and the greater part of the Cape Verd islands. Isolated lines 
afford evidence that fissures exist in these islands also. 

In the Pacific region we are acquainted with : 

(a) Diffuse areas ; these are only present wliere the boreal region 
encroaches from the north into Mongolia and tlie northern part of the 
ancient vertex. It is possible, however, that the Mongolian basalts belong 
to the next division. 

(/>) Volcanos on disjunctive lines. These play the principal part in the 
whole of the Pacific region, throughout the peripb^^ry of Asia, and in the 
Andine structure. The volcanic arcs of both groups of Antilles are also 
to be included under this head. 

The observations made within the Oceanides are unfortunately very 
disconnected, and throw little light on the question of distribution. 

^ P ^ 
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So far as the relations of the lines of volcanos to the fore-troughs and 
the folding can be determined, they correspond to those recognized in 
Asia. 

{c)^Grmped volcanos. Between the Oceanides, Hawaii, and the west 
coast of America, we were able to distinguish a region in which, 
instead of Pacific arcs, only groups occur, such as the Galapagos and 
Easter island. 

(d) The volcanos of the Alpides form a distinct group, even if judged 
only by their mode of origin. They present us with a combination of 
different characters ; while the little range of andesite in the south of 
Styria, along with the great tonalite range of the East Alps, exhibits 
Andine characters, the Lipari islands, on the other hand, may be regarded 
as a typical example of grouped volcanos. 

Although the above-mentioned subdivisions include by far the greater 
number of the Pacific volcanos, and especially the so-called * girdle of fire 
yet there are some isolated occurrences, both large and small, which are 
not embraced by this classification. Above all there is the volcanic range 
which extends across the general strike of the mountains from the Yellow- 
stone park through the fluvial regions of the Snake and Columbia rivers. 
Then there are the volcanos which surround the border of the Colorado 
plateau ; of these it is impossible to say (espo^ially in the south-east, near 
the extremities of the Rocky mountains) whether or not they can be 
correlated, in a tectonic sense, with the volcanos of the Basin ranges. 
Further, we have the two peak-volcanos of the Caucasus, and Demavend 
on the south Caspian arc ; the volcanos of Auvergne, which M. Levy has 
brought into connexion with the syntaxis of the Armorican an<l Variscan 
folds ; and within the latter the Eifel, and the basalts extending from the 
Vogelsberg to Bavaria and Bohemia. The youngest eruptions of these 
basalts lie close beneath the fracture of the Erzgebirge, and yet reappear in 
the east on the summits of the Riesengebirge, and may be followed further 
as far as Ostrau, where the <lykes have been exposed by mining. To this 
group we must also refer the Eiiganaean mountains in the Dinarides ; mount 
Vulture, situated, as an exception, on the outer border of the Apennines; 
and in the far east, the but little-known volcanos of Mergen (III, p. 118), 
not to mention others. 

Neither the information nor the space at my disposal permits of a detailed 
discussion of all the.se exceptions. It will suffice to examine this remarkable 
phenomenon in its main features, and wherever possible to elucidate further 
the relations of the Atlantic to the Pacific hemisphere. 

Volcanic lines, A consideration of the moon shows that direct melting 
down, i.e. complete absorption of the roof is the lunar form of volcanic 
Jiction. With regard to the existing state of the terrestrial lithosphere 
three processes are in question : subsidence, i^ilreak, folding, and rending- 
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Inbreak, associated with shattering, must be distinguished' frpni extensive 
subsidence more strictly than it has been hitherto. 

We may recognize in the Lipari islands, if we share Hoffmann's view, 
three volcanic lines which converge towards the centre as so many radial 
fissures ; or, if we agree with Bergeat, we may continue the two northern 
lines to form a curve — Ustica, Salina, Stromboli — parallel to the Calabro- 
Sicilian shore (Salina, Vulcano, Aetna remaining as the only radial line) ; 
but in either case this group of islands will still represent a fractured area 
in process of subsidence We say in process of subsidence, for since its 
seismic peripheral line has been described it has repeatedly Ijeen the scene 
of devastating catastrophes. 

In the case of other volcanic groups observations on the periphery are 
lacking; they are for the most part islands. Shorter lines of volcanos 
arc visible, for example in tlie Canary islands, and most of these groups 
are doubtless similar local areas of fracture, and sinking roofs of batholites. 

The exceptional position of the Alpides, which often exhibit inner 
borders beset with volcanos, also leads us to suspect that the western 
Mediterranean consists of inbreaks. Here we have an instructive contrast. 
With the exception of the line from Hohentwiel to the Ries, and the whole 
divergent boundary between^ the Camic range and the Alps, the borders of 
the subsidences in which the Alps took their birth nowhere exhibit younger 
volcanic formations, neither in those parts which belong to the Russian 
plain, nor in those wliich belong to the Bohemian mass or the Altaides or 
the Sahara. Yet more than this may be seen. The Variscan subsidences 
show marginal fractures which they have not themselves produced, but 
have availed themselves of, and rendered visible (IV, p. 30). This is true, 
for example, in the case of those Karpinsky lines which in eastern Bavaria 
liecome the marginal fractures of Variscan horsts. 

The same relations, on a far grander scale, are manifest in the Indian 
Ocean (IV, p, 285). The Sahyfidri fracture on the west side of the Indian 
peninsula extends through 12 degrees of latitude, and cuts partly through 
gneiss, and partly through the lavas of the Deccan, which are independent 
of it. All the east side of Madagascar represents an almost rectilinear 
fracture, extending through 10 degrees of latitude. Both these lines are 
devoid of volcanos. Still more striking is the coast of Syria, which lies so 
near the trough of the Jordan, and diffei’s so greatly, in its rectilinear 
course, from the other Mediterranean coasts. It is unaccompanied by 
volcanos, as is likewise the south-eastern Mediterrapean as far its Cyprus, 
Crete, and Malta. * 

Throughout this vast region there seems to be a latent tendency to 

* 1, p. 83, fig. 4 ; A. Bergeat, Die^aolischen Inseln, Abh. k. bayer. Akad. Wies. Munchen, 
^899, XX, 274 pp., maps, passim. 
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submeridional disjunction, which is both aroused and made use of, in some 
places by subsidences, and in others by rending, but not by both together. 

Tlje Red sea and the Arabian sea are fault-troughs and contain 
volcanos. The conditions on the Terror line are doubtless similar. In 
the west the Kameroon line runs transverse to the course of the coast and 
is clearly continued far into the sea. 

The existence of such a latent disjunction in Africa has already been 
conjectured by French investigators, who have brought it into connexion 
with the submeridioual strike of the Saharides. Isolated accounts certainly 
indicate that these mountains diverge in the south towards the south-west 
(almost in the direction of the Kameroon line), but our knowledge of 
South Africa does not at present support the supposed connexion with 
folding. 

These observations acquire increiised significance from the fact, that in 
the Pacific region, also, the volcanic lines are everywhere absent from the 
outer borders of the foredeeps. Even a subsidence to depths of 8 and 
9 kilometers does not succeed in exciting a volcanic eruption in this region. 
It may be objected, that the foredeeps were sunk in ancient and long- 
consolidated forelands, which were little favourable to volcanic activity, 
but the African fractures have awakened numerous volcanos in ancient 
land of precisely this nature. 

Local inbreak, Oceanic subsidence, and linear disjunction are thus 
different and independent phenomena. We have several times remarked 
that the contraction of the earth resolves itself into a radial (sinking) and 
M tangential (folding) element. The Oceanic abysses and likewise the fore- 
deeps are the expressions of the radial element, i. e. of the subsidence ; not 
brought about by internal cavities, but by a diminution of the planetary 
volume. 

The Oceanic subsidence resolves itself, more or less after the plan of the 
stresses in an asphalt pavement, into isolated, elongated arcuate fragments. 
Contraction has left the outer and in part sedimentary covering of the 
earth in excess. The tangential force carries this excess, in arcuate folds, 
into and over the subsided foredeep. The arcs encounter one another in 
linking or syntaxis. The movement incre^ises; under the stupendous 
pressure the folds are urged on ; they overium ; passibly also listric 
planes are produced. Finally backfolding sets in. 

In all these processes the upper parts of the lithosphere play a passive 
ixile. Through the gontraction of the deeper parts they are carried 
forwards, folded and ov^rthrust. Tlio stratosphere, and a considerable 
part of the Sal envelope do not fold themselves, but they are folded. But 
this outer part of the planet also exhibits a process peculiar to itself, it 
renews asv/rider. 

That this rending takes place from above *down wards has already been 
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stated in describing the African fractures. This is very*plearly shown by 
the relation of the rents to the folding. In East Africa and in Syria the 
direction of the fault-troughs is most probably independent of the folding. 
In the Rhine trough it is certainly so. Equally certain, on the other 
hand, is its partial dependence on the strike of the folds in the greater part 
of Asia. 

The innermost parts of this vast continent are traversed by disjunctive 
lines which for long distances run with the strike of the folds, and mothers 
diverge from it, yet taken together they give rise to a configuration 
which corresponds on the whole with the disposition of the folds. 
Frequently they produce disjunctive troughs along which porphyrites with 
tufts and breccias, basalt and various other eruptive rocks occur. Two 
recent cones of loose scoriae and lava rise on the Vitim. The Cis-Baikal 
range owes most of its existing form to these disjunctions. Three disjunctive 
troughs cross the Selenga. Lake Baikal itself seems to consist of two of 
these troughs united, and all the elongated subsidences and horsts of the 
Dsapehyn which issues forth from the valley of the Lakes, and those of the 
horst of Altain-Nuru up to the trough of Ljuk-tshun have originated 
between lines of this kind. In the west the case is similar. The autonomy 
which such lines present in isolated cases may be seen most clearly in the 
trough of the Ebi-nor, whkh cuts across the Dsungarian Ala-tau. 

Such influence exerted by folding upon disjunction, even if only partial, 
can be comprehended only on the supposition that the folding movement 
occurs at the same time. That the island festoons were originally accom- 
panied by rectilinear volcanic fissures, and that they were converted into 
arcs by the folding is an impossible assumption. Since the volcanic lines 
always occur within the forefolding, they find themselves at the sjiiiie time 
in the place to which the folded series asserts the chief claim. But they are 
not produced by the folding ; they recall rather the resolution of superficial 
stresses in the avsphalt, and their autonomous continuations betray their 
independence. 

They are simple lines, and sometimes no doubt there may be two 
parallel lines (e. g. Ecuador), or these may be joined by other lines 
(c.g. western Java). Between these lines troughs arise, in which, or on 
the border of which, stand volcanos, as, for example, the Wrangell group, 
the Aleutian volcanos in Cook inlet, those in the Fossa magna of Honshiu, 
possibly also in Mindanao. The arcs of volcanos stand without exception 
in the zone of forefolding from Wrangell to Santoriu, and they always 
remain independent of the foredeep. The aut<v^ioniy of the disjunction 
finds expression in the prolongation of the line of the Kuriles across the 
strike of Hokkaido, and in the entrance of the volcanos of Liu-kiu, into 
southern Kiu-shiu. 

The same situation recyrs in the Intermediate range of America and in 
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the Andine structure. Volcanos and troughs united extend through the 
Basin ranges, •Mexico, and the Andes. The northern Antilles show the 
same arrangement as the peripheral arcs of Asia. But where the intluence 
of the folding diminishes, the resemblance to Africa increases. The volcanos 
of Omotepec and Madera in the trough of the lake of Nicaragua may be 
compared with the volcanos of Hohnel island in the trough of the Rudolf- 
See, and also to the Kaiserstuhl in the Rhine trough. 

The volcanic lines of the island festoons and the disjunctive lines of 
Central Asia are identical phenomena. 

This fact, however, could not be recognized before the Central Asiatic 
lines were known. It was not understood how two opposed processes such 
as folding and rending could arise side by side. Originally we regarded 
the arcs of volcanos as the fractured borders of vast subsidences (I, p. 457). 
Subsequently Ferdinand von Richthofen was so impressed by the contrast 
between folding and rending that he attributed a divergent structure to 
island festoons in general. In the last of his comprehensive works on this 
subject he maintains that the island festoons have indeed the resultant 
Form in common with the Alpine type, but differ from the geogenetic 
standpoint. 

On the one hand, we see in the Alps an overwhelming of a foreland — 
usually a subsided foreland — as the result of a ftorce directed outwards ; in 
the island festoons, on the other hand, we see a tendency to a retreat of the 
foreland, and a rending on the other side of the outer border 

Rothpletz, a year earlier, regarded the troughs as evidence of dilatjition, 
and supposed that volcanic action proceeds continuously over the wholti 
earth, while folding only occurs periodically, and he thought that in tliis 
way the conflicting views on tlie dilatation and contraction of the eartli s 
liody could be explained 

The preceding analysis of the arcs has shown, however, that the main 
features of the structure of the island festoons arc repeated not only in the 
Aleutian islands and the Antilles, but also in the Burman arc, and in 
the marginal arcs as far as the Adriatic. They are separated in time just 
as little as they are in space, and it is generally admitted that the young 
mountain ranges display the most jictive vulcanism. Yet it is hard to 
understand how the ascending course of the lava can maintain its existence 
in a folding range. 

There are two solutions to this prolilem. The first applies when tin* 
disjunction is turned aside into the direction of a thrust-plane, or at least 

«. 

’ F. von Richthofen, Geomorphologische Studien aus Ost-Asien, IV and V, Sitzb. k. 
preuss. Akad. Wiss. Berlin, 1903, p. 872. 

^ Rothpletz, Ueber die MOglichkeit, den Gegensatz zwischen der Contractions- und dei 
IJxpansionstheorie aiifzuheben, Sitzb. k. bayer. Akad. Wiss. Munchen, 1902, XXXH, 
pp. 311-325. 
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follows this direction on the whole, apart from possibly divergence at its 
autonomous ends. This case is not improbable in itself* for the strike 
of the disjunction alone shows the great influence of the tangential move- 
ment. The disjunction may, it is true, become broken up, as it approaches 
magmatic <lepths, into a girdle of fine cracks. Some of these may ofter 
a path to the juvenile gases, and be bored out, not along their whole length, 
but in favourable places, to form volcanic pipes, avS along the Laki fissure 
in Iceland. Thus, a long, linear series of eruptive centres may arise, the 
connexion of which, at some depth, is beyond doubt, but which can only 
be recognized .at the surface by the serial arrangement. 

A second tentative solution is suggested by the transverse crevasses of 
glaciei’s. These, with steep, straight walls, cut through the viscous, moving 
mass of the ice. They are carried along for some distance with the ice, bend 
more or less into its arcuate strike, and finally close up, while fresh crevasses 
arise in the old place. They hold their ground by repeated renewals. 

There are some volcanos which are not stationary but wandering. In so 
far as this wandering points to a decrease of activity, as in the case of tlie 
gradual restriction of the Phlegracan fields, or to an elongation of the volcanic 
lino, as in Hawaii, it may be left out of account. But in the arcs themselves 
indications occur of a lateral displacement both on a large and small scale. 
Thii tract of rliyolite ancPdacite, characterized by silver-tin lodes, which 
oxteiids through six degrees of latitude, from lake Titicaca to Argentina, 
lies to the east of the line of the Andine volcanos, and, judging from the 
direction of the folds, in front of them. In the West Indies, the zone from 
Anguilla to Dcsidorade lies, with its older lavas, outside of and in front ol 
the active volcanos. In Sumatra the case is probably the same (I, p. 457) ^ 
In the Aleutian islands, on the other hand, the volcanos Bogosslowsk .and 
Grewingk have arisen within the arc, as though a new parallel line were 
al>out to be formed. 

Among tlie volcanos of Central America, transverse lines arc recorded 
t>y Dollfuss and Montserrat, along which the volcanic activity appears to 
approach the main line in the direction of the adjacent sea. The most 
northerly line, that of Clii(iuimula, offers an exception. In later times, 
owing to the eruption of the volcano of Santa Maria this most northerly 
line also appears to have confonned to the rule (IV, p, 454), but the exist- 
ence of other transverse lines hjis l>een rendered doubtful, since Sapper- 
mentions new eruptive centres between them, Sab.atini conjectures that a 
similar displacement in the direction of the sea may be perceived in several 
of the Roman volcanos The transvex\se line, of Ixtaccihuatl-Popocatepetl 
in Mexico shows clearly a movement of approiich to the principal line 

' Volz, Sitzb. k. preusB. Akad. Wias. Berlin, 1907, p. 139. 

V. Sabatini, Viilcano Laziale, Mem, Carta geol. ital., 1900, XI, 392 pp., map ; cf. 
to p. 32. • 
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(IV, p. 440). Jeni^en describes an example of displacement along transverse 
lines, on a snialfer scale, in the trachyte mountains of Queensland 

In this connexion we may also refer to a fact already mentioned in 
discussing Kamchatka and the Aleutian islands, namely, that within the 
principal zone (witli the exception of some closely adjacent points such as 
mount Bogosslovsk) a largo number of extinct, but no active volcanos 
occur. None of these circumstances, however, afford any evidence as 
to the renewal of the volcanic fissures, such as occurs in the case of 
the crevasses of a glacier. The recurrence of the crevasses is produced 
by a constant cause, as a rule by a sudden increase in slope of the rocky 
floor ; as to whetlier anything corresponding to this might be operative 
beneath the folding, whether it might be produced by a displacement 
fissure of the kind illustrated by the lines in pi. IV, whether, indeed, it is 
physically possible at all, we are not in a position to judge. 

The numerous block.s of diorite which have been ejected by Bogosslovsk 
of late j^ears, and the large number of amphibolite blocks ejected by Sant^i 
Maria de Chiqiiimulo in 190^, certainly point to actual displacement of the 
funnels, but if we turn from isolated examples and take a broader survey 
the iiianitold variety of the phenomena becomes apparent. On one line 
only isolated eruptive centres have been formed, recalling the row of 
borings made by tlie Eskimo in a reindeer’s antter preparatory to splitting 
it ; on another line an elongated batholite is exposed ; on a third the crust 
is cut thi’ough by long parallel fissures and let down in troughs, which may 
or may not be occupied by volcanos. In tliose places where such troughs 
lie outside the younger folding, as in Africa and Central Asia, there is no 
clear evidence of volcanic displacement, although in Central Asia the lines 
are bent in the direction of the folding. In both regions there are also 
troughs vrithodt volcanos, such as the district of lake Tanganyika, lake 
Baikal, and the subsidence of Ljuktshun. That in the younger folded 
regions injection may proceed from the sole is shown, for example, by the 
(Occurrences on the upper Indus and the band of Ivrea. It is highly probable 
that the bands of amphibolite which occur in tlie north along the Caledonian 
overthrast are similar injections, and that the olivine gabbro of Sulitelma, 
lor example, finds its continuation in the ampliibolite of the Tarrekaisse 
and the Sarjek, that is to say, in the zone of overthrusting 

' H. I. Jensen, Geology of the Volcanic Area of the East Moreton and Wide Bay Dis- 
trict, Queensland, Proc. Linn. Soc. N.S.W,, 1906, pp, VS'-lVJl, maps, in particular p. 97 
(the place lies between lats. 2T and 28'"' S.). 

^ H. Sjogren, Om Siilitelma-onifidets Bergarter och Tektonik, Geol. Pfiren. Stockh. 
Forh., 1896, XVIII, pp. 346-376, in particular p. 361 ; P. I. Holmquist, En geologisk 
Pro6i Ofver Fjellomradena ernellan Qvikkjokk och Norska Kusten, op. cit., 1900, XXII, 
pp. 72-104, 151-177, and 232-272, in particular p. 255, map; Haml>erg,Om fasta bergets 
gcol. inom Sarjektrakten, op. cit., 1901, XXIII, pp. 18-23, further p. 26; for similar 
occurrences see, in addition to the works of Vogt alAjady mentioned, in particular 
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Where, however, the sole lies as flat as in the latter case, it cannot 
at the same time have been the path followed by eruptidns* Here again 
nature is not cast in one mould. 

While in the range of Ivrea the voluminous injection which followed the 
direction of the folding (opposed to the direction of the Dinarides), and the 
occurrence of nickel ores, points to the proximity of the funnels ; in the east, 
on the other hand, the tonalite band shows that a zone of disjunction was 
present close to the boundary, separating the Alps from the Carnic mountains 
and the Dinarides, and that this zone was subsequently affected by an over- 
thrust from the south. The long parallel range of granitite, which accom- 
panies the tonalite, and further west the fractured area of Lienz, are doubtless 
indications of this disjunction. The whole tonalite zone has been overturned 
subsequently towards the north and converted into tonalite gneiss. This 
movement, however, does not mark the termination of the volcanic processes, 
for the andesites of South Styria, which we regard as the continuation of the 
tonalitcs, are more recent than the movement. We are still, however, far 
from completely understanding this process, since far to tlie north, on the 
Wolfgang-see, blocks of tonalite (and gabbro) occur which, to all appearance, 
have been transported in tlie Werfen shales, and consequently on the East 
Alpine sole, which lies tectonically lower than the Dinaric sole. 

Let us examine anotWer example. 

At the time of the deposition of the Keiiai stage, Cook inlet formed 
a trough, and enclosed a freshwater lake ; later on subsidence occurred ; Ter- 
tiary folds on the eastern sea-bordei* may be taken to show that the zone of 
the mountains lying outside the trough was moved independently. On the 
other side of the ayntaxis the St. Elias mountains and the Rocky mountains 
diverge far apart, and the greatest cicatrice of the earth, the granodiorite 
of Columbia makes its appearance between them. By carrying von Hicht- 
hofeu’s theory a little further we might assume an extensive movement 
in the Pacific direction (approximately the liue/ac, IV, p. 503), in accordance 
with the conjecture that a movement of segments occurred along the 
African fissures to the east of Ankober. There are so many problems 
and difficulties connected with those questions that it would scarcely be 
profitable to pursue them further at present. 

Atlaatic ami Pacific lavas. The fact that, with the exception of the 
riven continent of Africa, none of the ancient forelands, neither Laurentia 
nor Brasilia, nor Angara land nor Australia possesses active volcanos 
remote from the sea has long since attracted attention. In North America 
in particular, geologists have occupied them.splv^s with the contrast between 
East and West. The classification of the dislocations upon which volcanos 
are seated, given by M. Levy in 1898, also distinguishes in the first place 

C. P. Kolderup, Labradorfeken des westlichen Norwegen, Bergen’s Mus. Aarbog, 1603, 
no. 12, 129 pp,, map. * 
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between those in folded and those in unfolded land That there is a 
regional difference in the lavas, however, was not known. 

In 1902 Becke published the surprising observation that two types are 
to be distinguished in recent volcanic rocks, and that regions which in the 
main are folded tangentially belong to the one (Andes type), while regions 
with dominant radial dislocations (segmental fractures) belong to the 
other (type of the Bohemian Mittelgebirge) 

A few months later, in 1903, Prior arrived independently at the same 
conclusion, as the result of his investigations of east African rocks and iii 
the same year, 1 903, Becke’s more detailed work on this subject appeared, 
in which these two types are distinguished as Pacific and Atlantic. 

Thus there is a tephritic or Atlantic, and an andesitic or Pacific series. 
The Atlantic series is characterized by the greater quantity of alkalies, 
especially sodium, while in the Pacific series the alkalies diminish and 
calcium and magnesium occur in greater quantity. The ultra-basic 
magnesian rocks (i. e. Crofesima) appear to be common to both series. 
Both also possess acid members. 

According to existing observations, the tephritic series is found in the 
Atlantic Ocean, Africa, Antaretis, and parts of Europe. It predominates 
wdthin an arc drawn from Tristan d’Acunha through Trinidad, h ernando 
Noronha, Ascension, the Cape Verd islands, Toiiefifte to Pantelleria, Aden, 
and Madagascar. All the African fractures, tlie isolated outcrops on lake 
Tchad and Schari^, and the Transvaal belong to it. In the south it 
includes Kerguelen, the Gaussberg (according to Philippi), Cape Adarc, and 
South Victoria Land. Prior thinks that Dunedin in South New Zealand 
must be referred here, but not the northern island. 

To the north of the Mediterranean this group includes the Bohemian 
Mittelgebirge, Rhone, Vogelsberg, Eifel, Hbhgau, tlie Kaiserstuhl in the 
Rhine trough, and further north the Inner Hebrides, Faeroes, and Iceland, 

The Siebengebirge on the Rhine, the Gleichenbei'g in Styria, Predazzo, 
and Auvergne are doubtful ; either rocks transitional between the series 
occur, or there are differences of opinion as to their interpretation. 

The Pacific, andesitic series occurs in Santorin (Dinarides), the 
Carpatliians, and in the andesites at the eastern end of the tonalite zone 

* M. Levy, Sur la coordination et la repartition des fractures et dee etfondrements 
de I’ecorce terrestre en relation avec les cpanchcraents volcaniqucs, Bull. Soc. geol. 
France, 1898, t3® ser,, XXVI, pp. 105 -121. 

^ F. Becke, Verb, Gee. deutsch. Naturf. und Aerzte zu Karlsbad, 1903, 2. Theib 
Protok. d. naturw. Abtheil. vom, 22. Sept., pp. 125-126. [This was first pointed out by 
Barker, Science Progress, 1896, voI.Vi, pp. 12-23.] 

* G. T. Prior, Contribution to tbe Petrology of British Kast Africa ; CompariBon of 
volcanic rocks from tbe Great Rift Valley with rocks from Pantelleria, tbe Canary 
Islands, Ascension, St. Helena, Aden, and Abyssinia, Min. Mag., 1903, XIII, pp. 228-263, 
ancPNiit. Antarct. Exped., I. Geob, 1907, p. 122 et eeq. 

* Gen til et Freydenberg, C. R. Acad. Sci, Paris, 17 fevr. 1908. 
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of the Alps. Vesuvius and the Phlegraean fields are aligned by Becke to 
the tephritic series. • 

All the coasts of the Pacific Ocean — from New Zealand to Java, Alaska, 
and all the western coast of America belong to the andesitic series. Where 
the northern Antilles advance into the Atlantic region the andesitic rocks 
advance with them. Lacroix points out the affinity between the volcanic 
rocks of the Lesser Antilles and the rocks of Ecuador and South Columbia 
studied by Kuch. On the other hand, tephritic rocks are known in the 
tableland of Texas. 

Tephritic rocks also prevail in the eastern part of the United States, 
whereas in the west, as we have seen, andesites occur. The rocks of the 
laccolites and sheets to the east of the Rocky mountains in Montana are 
regarded by Becke as a peculiar development of the tephritic series. 

Although many important points still await investigation, yet the 
results already obtained are so comprehensive that we do not hesitate to 
accept the proposed designations, ami to recognize the tephritic as the 
Atlantic and the andesitic as the Pacific scries. Becke even goes a step 
further, since he regards these designations not merely as geographical but 
as indicative of two regional types, the one connected with inbreaks due to 
radial contraction (tephritic, Atlantic) and the other with folding by tan- 
gential thrusting (andcsific, Pacific) Many facts may be cited in favour 
of this view, as for example the advance of the andesites into the Antilles, 
and in contrast, the occurrence of tephritic rocks in Texas, or again, the 
entrance of the andesites into the Aegaean sea, the Carpathians, and parts 
of tlie Alps. Even tlie tephritic nature of the rocks in the surrounding 
neighbourhood of Naples is in accordance with the supposed existence of 
an inbreak at this locality. 

The Island of Java, as described by Verbeek and Fennema, affords an 
instructive instance. The volcanic zone is formed by 116 volcanos, all of 
considerable size. In addition to this zone there exists a region of limited 
extent characterized by tephritic leucite lavas (III, p. 261). It is formed 
ly five volcanos situated along the north-east coast and on the adjacent 
island of Baw^an, and extends, according to the latest accounts, through 
Saleycr into south Celebes. At the same time an important abyss 
(-- 5,121 meters) occurs in the sea of Flores to the south of Saleyer and 
the small adjacent islands (also leucitic), and separates them from the 
leucitic volcanos in Bawdan and Java. Thus it seems possible to dis- 
tinguish the boundaries of an Atlantic region, the existence of which is 
also suggested by the older rocks of the Karimo^in islands ; yet within this 
region stands the volcano of Lourous, one of the leucitic cones of the north- 

^ P. Becke, Die Eruptivgebieto des bOhmischen Mittelgebirges und der americanischen 
Auden. Atlantische und pazidsche Sippe derEruptiv-Gesteine, Becko, Min.-petr. Mittb** 
1903, XXII, pp. 209-265. •• 
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east coast, which in/ a comparatively late eruption poured out hornblende 
andesite, the Pacific rock of the principal zone 

This may be a boundary phenomenon ; nevertheless it points to a com- 
paratively sharp separation of the two rocks below the surface. 

We have already alluded to the tephritic nature of the Terror volcanos 
as a reason for assigning South Victoria Land to the Atlantic hemisphere, 
and Gourdon has called attention to a block of alkali-rich granite on the 
island of Wandel which he regards as an erratic in an Andine region 
Future research will show whether it is an indication of the Atlantic 
foreland. The confirmation of the tectonic and petrographical results is 
mutual. We may regard the tejDhritic nature of the Atlantic islands as 
testifying to the organic unity of the Atlantic coasts, and in like manner 
the andesite rocks in the Caipathians and Alps as an indication of their 
connexion with the Asiatic system. 

Beckc s hypothesis rests on the assumption that in the funnels of the 
Pacific volcanos a very considerable consumption of sedimentary rocks 
occurs ; this would explain the large amount of calcium and magnesium 
contained in them. The following observations may also be considered in 
this connexion : — 

In the Atlantic hemisphere rigefaction must have made particularly 
rapid progress during the later periods. Towardsethe close of the Carboni- 
ferous the western Altaides were folded across the Ocean, and tlie folding 
of the Cape mountains must have continued into the epoch of the lower 
Trias. After this time, however, no important folding occurred from the 
Ganges to cape Horn. In the middle of the Tertiary aera rigefaction was 
already so far advanced that the Rhine trough opened up oblicpiely across 
the Variscan strike. In Laurentia rigefaction is mucli older still, and in 
the Sahara it dates at least from the upper Silurian. 

Thus the question arises whether the diminution of calcium and mag- 
nesium in the Atlantic hemisphere may not stand in some connexion with 
the progress of consolidation (IV, p. 547). We may also inquire whether 
it was the subsidence of the Altaides (an event anterior to the posthumous 
building up of the Alpides) which gave rise to the Pacific rocks, while at 
the same time Atlantic rock made its appearance in the foreland. But as 
Becke justly observes, we have first to determine whether this distinction 
between Atlantic and Pacific rocks can also be recognized in the earlier 
eruptive epochs. 

' R. D. M. Verbeek et R. Fennenaa, Description geologique de Java et Madoura, 2 vole., 
8vo, Amsterdam, 1896, atlas, J), 9§6 et seq., p. 1015 ; and Verbeek, Rapport sur les 
MoJuqaes, 8vo, Batavia, 1908, 844 pp. and atlas, in particular pp. 772, 773. The latter 
very comprehensive work came to hand too late to bo made use of in the preceding 
chapters. 

I Gourdon, Expedition Charcot, Geogr. phys. etc., p, 208. 
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CHAPTER XVII 

THE MOON. HYPOTHESES. RETROSPECT 

The moon. Lunar and terrestrial sea basins. Separation of the moon and its conse- 
(luences. Isostatic compensation of mountains. Compensation of continents. Com- 
pensation, in general. Contraction of the earth’s body. Retrospect. 

The moon (see pi. V). The satellite which accompanies our planet is 
a fragment of our planet itself. The elevations on the moon probably 
reach a height of 7,000 meters. This measurement is obtained from the 
steep interior slopes of Casatus and Newton, situated on the southern 
limb of the moon. The shadow which descends into the crater of Theo- 
philus reveals a precipice of 5,500 meters ; the peak of Huyghens in the 
lunar Apennines rises to as great a height. Colours may also be recog- 
nized, dark spreads of lava in the Mare Crisium, Marc Trauquillitatis, and 
elsewhere; spots also of, dazzling whiteness, such as Aristarchus; long 
white rays, such as proceed from Tycho, Copernicus, and others. 

If we would attempt to compare the earth with the moon we must first 
remove from it not only the atmosphere which breaks the brilliance of the 
sunlight, but also the masses of Polar ice, the snow fields of the high 
mountains, the prairies and forests, the soil, and finally all the waters 
of the Ocean and all the features consequent on erosion and abrasion. Its 
bare face shows at once how accustomed we are to compare the relative 
heights of the earth with the absolute heights of the moon. The heights 
of the moon may descend more steeply than those of the eartli ; but they 
are not more considerable. 

Let us now imagine ourselves ascending from the deepest abysses of the 
Oceans to the highest mountain summits, and let us follow' at the same 
time the figures published by H. Wagner b When in our ascent we have 
reached a level of — 4,000 meters, 39 per cent, of the surface of the litho- 
sphere already lies below us. At a level of — 3,000 meters, 52 per cent. ; 
that is, more than half the planetary surface lies lower than — 3,000 
meters. When we reach the sea-shore we have left behind 71-8 per cent, 
of the surface. Only 28-2 per cent, forms drji land, and of the entire 
surface of the planet only 6 per cent, lies above a level of -f 1,000 meters 
So trifling is the total surface of the mountains as a wdiole, while that of 
the high mountains alone is more trifling still. 

' H. Wagner, Lehrbuth der Geographie, 7th ed., 8vo, 1903, 1, p. 254. 
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The morning sun shines far below us over the coast of North Chile, 
where the watershed of Atacama rises almost 13 kilometers above the 
exposed abysses. From the summit of Llullaico the height is more than 
14 kilom^eters, but the abysses are too remote to show the whole length of 
the shadows cast by the mountains, nor in the early light can we discern 
the boundary between the abyss bordering the coast and the sea flooi* 
which overlooks the abyss. Above the sea floor rise hundreds of 
islands arranged in curves, some of them considerable masses, others 
like slender turrets, and yet others more slender still, almost resembling 
minarets. These are 4 to 5, in one case (Guam) more than 9 kilometers 
high, and as the day advances their shadows move beneath our eyes as if 
cast by the gnomons of so many gigantic sun dials. In the north a dark 
spot is visible, the basalt field of the Snake and Colorado, and while, filled 
with astonishment, we contemplate this spectacle, twiliglit sets in, and 
further north a white spot stands out in southern Alaska. This extends 
from lat. 60'* 44' N., long. 138"* 30' W. (O'Connor glacier, north side of 
mount St, Elias) into the valleys of the lower Felly, lower Lewes, and 
White river, and finally almost to lat. 64'* 30' N. and long. 141° W. (Forty 
Mile district in the region of the Yukon). This spot represents the white 
ash probably derived from the volcano of Na-taz-hat (about lat. 61° 30' N., 
long. 141° 30' W.)h l^efore night descends the shadow of Fusiyama 
shows a height of 11 kilometers. 

All the laborious and conscientious efforts made by Madler, Julius 
Schmidt, and other distinguished investigators to represent the surface of 
the moon by drawings have been surpassed by the achievements of photo- 
graphy. In particular the Atlas of the Moon, containing photographs by 
Loewy and Puiseux, and published by the Paris Observatory, affords a 
rich store of information In addition we have the series of photographs 
by the Lick and Yerkes observatory, published by the Smithsonian institu- 
tion, with descriptions furnished by Shaler®. In this place reference will 

* IV, p. 400; also Brooks, Ann. Rep, U.S. Geol. Surv., 1900, XXI, 2, p. 365. Schwatka 
first observed the ash as a white streak in the forest soil. At many places it is only an 
inch to a foot thick ; towards the Skolai range it reaches a thickness of 100 feet. 

* M. Loewy et P. Puiseux, Atlas photograpliiquc dc la Lime, public par TObservatoire de 
Paris, 1896 ; so far 59 maps, folio, and 9 parts of text. Unfortunately M. Loewy did not live 
to see the completion of this beautiful work. The views expressed above on melting 
up and lunar volcanic activity were first published by me in 1895 (Einige Bernerkungon 
fiber den Mond, Sitzb. k. Akad. Wiss. Wien, CIV, pp. 21-54). They were adopted as 
regards essential points by M. Puiseux (La Terre et la Lune, 8vo, Pans, 1908, 176 pp.. 
maps, in particular p, 139). (Jn tl^ other band, subsequent observations have convinced 
me that as regards the rays of Tycho, &c., the theory of Loewy and Puiseux is more cor- 
rect. Several figures from this atlas are given by F. Sacco, Essai schematique de Seleno- 
logic, 8vo, Turin, 1907, 47 pp. It is impossible to give a list of all the recent literature. 

N. S. Shaler, A Comparison of the Features of the Earth and the Moon; Smithson. 
Contrib., 1903, XXXIV, 79 pp., 25 maps. 
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be made to some special points only, and first of, all the volcanic 
phenomena. * 

Great mielting furnaces. The so-called seas of the moon are for the 
most part insunken plains of consolidated lava, with a regular round or 
oval outline and fairly sharp l:)Oundaries ; sometimes, however, they over- 
flow into neighbouring depressions, as is pai'ticularly well seen on the 
margin of the Mare Humorurn, where the lava of this ‘ sea ’ flows away 
into several older craters and almost submerges others. The crowding 
together and confluence of the circles may, it is true, give rise to com- 
paratively irregular outlines, but a number of typical cases, such as the 
ellipse of the Mare Crisium (570 and 450 kilometers) or the Sinus Iridurn 
(215 kilometers) as it opens into the Mare Imbriuin clearly show the 
normal form. In the Mare Nectaris, Loew^y and Puiseux distinguish five 
subsidences in succession, wdth a total fall of several thousand meters. 
Where two contours intersect, wedge-shaped horsts are fonned. Such are 
cape Hcraclides and cape Laplace on the boundary between the Sinus 
Iridurn and the Mare Imbrium, and on a larger scale the Apennines and 
(Carpathians betw'cen thc^ Mare Imbrium and the almost circular Mare 
Serenitatis. 

The terrestrial batholites show us how a heated mass in the interior of 
the earth may, if the heat i% continually renewed, approach the surface by 
molting its way up. If it reaches the surface, then, as we see in the moon, 
a lava plain is formed, the outline of which, owing to the comparatively 
small diameter of our satellite, must approximate to a conic section. 
Tlie regular peripheral subsidence-fx'actures which surround the Mare 
Humorurn at some distance from its margin, and other vsimilar examples 
show, however, that in some cases the circular subsidence extends beyond 
the surface of the lava. 

Such very considerable melting-up of the moon’s substance shows us 
also how widely nature departs from any regular course of cooling. The 
renewed occurrence of high temperatures in regions wdiich have already 
solidified is frequent in the history both of the eartli and the moon, 
and we do not know whether the consolidated outer envelope of the 
earth may not be exposed, even at the present day, to similar attacks from 
within. 

Circular ramiKirts. These are smaller smelting furnaces, and are seen 
most clearly in the face of the moon. In the midst of a gently rising, or 
even perfectly level surface, a vast abyss opens up, with steep, often 
terraced, walls, descending in many cases to a,tlejJth of several thousand 
meters. At the bottom lies a consolidated lava lake ; frequently the first 
subsidence has been followed by a second, third, sometimes a fourth, and 
oxceptionally even by a fifth. The lake sinks deeper and deeper, almost^ 
always becoming smaller at tach descending stage, and at the last, when it 

»oi.i.As IV , Q q ^ 
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has become smallest, it may lie more than 5,000 meters beneath the 
surrounding surface. 

Loewy and Puiseux justly regard the Sinus Iridum as a connecting 
link between the seas and these smaller and more sharply defined smelting 
furnaces, some of which, such as Clavius, for example, still attain a 
diameter of 228 kilometers. With equal justice Dana compared them 
as early as 1846 to the volcanos of Hawaii, and Pickering has pub- 
lished a series of instructive photographs of these terrestrial volcanos 
which were taken for the special purpose of comparison with the 
moon^. In Hawtiii the lava lake of Mauna Loa lies on the summit of 
a gigantic mass of lava which rises 4,175 meters above the sea-level, or 
9 kilometers above the sea-lloor, and slopes gently down on all sides. 
A few lunar volcanos, and in particular Wargentin, have had force 
enough to drive their lavas upwards till they overflowed the margin of the 
pipe. It is clear that, if the number of these lunar volcanos had been less 
and the force more considerable, their repeated overflow would have 
produced mountains of a similar kind to those of Hawaii. 

At the same time it must not be forgotten that l>eside the lofty 
Mauna Loa there stands the much lower Kilauea (1,280 meters), which also 
bears a lava lake, and that with a distance between them of little more 
than 30 kilometers the difference in height « between the two lakes of 
glowing lava amounted, at the time of Dutton’s visit in 1882, to not less 
than 2,834 meters 

In the case of terrestrial volcanos, the margin of a comparatively large 
crater is not seldom surmounted by a younger crater which is almost 
always smaller ; this rideH upon the edge. Thus in the Phlegraean fields 
the crater of Agnano rides upon Astroni. In the Albanian mountains the 
crater lakes of Nemi and Albano are seated upon the border of the crater 
of Tusculum. The lake of Bolsena is surrounded, according to Moderni’s 
investigations, by four craters, each of which has an independent history ; 
they sun'ound traces of eighty-nine pipes (including doubtful cases). 
Within the immediate surroundings of the lake of Bracciano, Moderni 
has counted fifty-two of these pipes \ 

' Loewy et Puiseux, Atlas photogniphique de la Lune, II, p. 54 ; J. D. Dana, On tli*‘ 
Volcanos of the Moon, Am. Journ. Sci., 1846, 2nd ser., II, pp. 335-355 ; J. W. PickerinK* 
Lunar and Hawaian physical Features compared, Mem. Am. Acad. Arts and Sci., 1906, 
XIII, pp. 151-179. 

* C. E. Dutton, Hawaian Volcanos, Ann. Rep. U.S. Geol. Surv., (1882-1883) 1884, IV, 
pp. 75-219, maps, in particular p. 120 (also IV, p. 322), 

* P. Moderni, Contribuzi^ne qjlo studio geologico dei vulcani Vulsini ; Boll. R. Coni, 
geol. ital., 1903, XXXV, p. 121 et seq., map ; Le bocche eruttive dei vulcani Sabatini,op. 
cit., 1896, XXVII, p. 57 et seq., map. It is true that Pareto and Ponzi already conjectured 
that these two lakes are not craters but ' avallamenti,* i.e. valleys, formed by the coales- 

♦ cence of several ejectamental cones. But it is very difficult to believe that these 
circular water basins, situated on the broad cones of and the straight line of the 
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This riding of the younger circle upon the edge of tlic older long since 
attracted the attention of selenologists. It may be observed in Stoefler, 
Baronius, Albategnius -4, Thebit A, Davy, Clavius a and and even 
several successive generations may be distinguished, as a rule with a con- 
tinually decreasing diameter, and the lava lake always at a lower level. 
If we could wander around Clavius or Stoefler it might be possible to 
count as many remains of pipes as Moderni counted around the lake of 
Bracciano (pi. V, fig. 2). 

The ^ riding * on the ancient rampart may perhaps be explained by the 
tact that in the ancient crater, on the margin of the obstruction next the 
inner side of the rampart, peripheral Assuring frequently occurs; out of 
the fissures gases ascend. This is beautifully exemplified in the Phlegraean 
solfatara The outrushing gas bores a way for itself and a new crater is 
formed. From these smaller peripheral apertures, according to Loewy and 
l^iiseux, proceed the long rays of wdiite ash which surround many of the 
craters. This is wliy some of these rays are not radial, but tangential, 
with regard to the crater. From Meissier two slightly divergent tangen- 
tial lines proceed, which were probably produced by the same ash-cyclonc. 
It has been shown, in particular, that tlm rays proceeding from Tj^cho 
exhibit a denser whiteness where they encounter an obstacle, and that 
in general lines of this kind flatten out upon plains. Consistently 
with this Sapper observed in the eruption of Santa Maria in Guate- 
mala, October, 1902, that the slopes facing tow^ards the volcano were more 
thickly covered with jxsh than those facing away from it 

The smaller bright wliitc flecks, such as occur in Humboldt and Wemer, 
are possibly formed of alum, which also occurs at the bottom of the 
Phlegraean solfatara. 

The occurrence of ash and pulverization in the lunar eruptions pro- 
duces a further important approach to terrestrial conditions, but ejectii- 
rnenhil cones are rare, I^ewy and Puiseux describe Cichus as such 
a cone ; anotJier is described by Pickering ; it occurs between Ries and 
Mercator. Hyginus is rather a pit on a fissure, and is itself cut 
through by the fissure ; it reminds us of Tarawera in New Zealand, which 
iu a short space of time — a few hours — was cut straight across by a fissure 
in 1886. The fissure of Tarawera presents numerous smaller pits and 
craters along its course ; they may be as much iis 800 feet deep and have 
i*niittcd ash but no lava. Such fissures accompanied by numerous smaller 

fionian eruptive centres should have arisen by the ax^cidental grouping together of 
smaller volcanos. ^ * 

^ 0. Mercalli, Stato att. d. Solfatara di Pozzuoli, Atti Accad. Ponton., 1907, XXXVII, 

^0- 6, 16 pp. 

* Loewy et Puiseux, III, p. 37 et scq., VII, 17 ; VIII, 14 (cyclones) et passim ; Sapper, 
f^entralbl. f. Min., 1903, p. 43 ; cyclones are described by this author in N. J. f. Min.,^ 
^^94, 1, p. 63 ; also Lacroix, Mon^> Pelee, II, pp. 20, 21. 

Q q 2 
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pits and craters^ and here and there by a small accumulation of debris, 
occur at a number of places in the moon and sometimes even cut through 
the surface of a smelting furnace. They may be clearly seen, for example, 
between Copernicus and Eratosthenes. They are related to the smelting 
furnaces somewhat in the same way as the long straight fissures of 
Iceland, wdth their rows of pits and craters, are related to the caldron of 
Askia (IV, p. 265). 

On the slopes both of Kilauea and Mauna Loa isolated ejcctamental 
cones occur, distinct from the lava lakes. Mauna Kea (4,230 meters) 
to the north of Mauna Loa does not possess a lava lake, but bears a number 
of these cones. From its general structure we see that it has been formed 
in the same way as its neighbours ; the ash cones are here of later 
formation, following on the extinction of the open lava lake. 

In this way tlie transition is made from the open pipes to the accumu- 
lations issuing from fissures, and the normal terrestrial ash cones. 

The moon presents yet another distinct group of circular apertures 
distinguished by a sharply -defined margin and great depth ; these may 
attain a diameter of 15 and even 18 kilometers. Sometimes the lip seems 
to be produced into an almost conical form. Of this group Ptolemaeus A 
may be regarded as a type. These apertures have probably been fonned 
by isolated explosions of gas. They may, perhaps, bo compared to the 
diamond-bearing pipes of South Africa ^ 

Whatever other physical differences distinguish the earth and the moon 
they agree in the fact that the volcanic activity on both has passed through 
a very similar course of development. Light and dark coloured ash may be 
distinguished, showing the separation of Sal rocks. This also presupposes 
a certain amount of oxygen for the formation of oxides. If the occurrence 
of alum should be confiinned, wo should have another important point of 
resemblance to terrestrial conditions. Everything points to the original 
presence of ju\'Ciiile gases. 

Considering how close a corre.spondence exists, the question arises whether 
the terrestrial sediments do not conceal some sort of substructure which may 
have been fonned in the course of time in the same manner as the lunar 
surface, and may have influenced, or even controlled, all the tectonic features 
of the earth. 

A comparatively simple case is presented by the valley of the Alpa, 
a rectilinear furrow', 130 kilometers in length ; its breadth at its commence- 
ment is 9 to 10 kilometers, thence onwards it decreases at first and for 
a distance of 90 kilortieteys very slowly, and then very suddenly, as it 
undergoes, to all appearance, a slight bayonet-shaped displacement ; hut it 
is still recognizable for another 40 kilometers. The very steep walls on its 

» * On this group and the not infrequent occurrence of twins, see also Einige IfenU’i" 

kimgen iiher den Mond, Sitzb. k. Akad. Wiss. Wien, CtV, p. 40, 
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two sides are 3,000 meters in height. We should take, the valley for a 
fault-trough were it not that its bottom is perfectly level. It is supposed 
that a slight displacement of the walls may have occurred h 

Supposing that before the fonnation of this split, the lava, more than 
3,000 meters in thickness, as sliown by the walls, had been ovcjrlain by 
several thousand meters of gneiss and ancient schist, as in East Africa, 
then the rending would have started from the surface, where the cleft 
would have been broader, and owing to fragments detaching themselves from 
the sides and slipping down it would have preserved the characters of a dis- 
junctive trough, let down along step-faults. The conjectured displacement 
of the faulted-down strips would, at most, have found expression in its 
breadth. In addition, we may call to mind the theories formed in con- 
nexion with the right angle in the descents near Ankober, and with the 
low-lying Afar. 

The valley of the Alps terminates near the Mare Imbrium ; its outline 
there is not clear ; the end of the iissure occurs, however, at its broadest 
[)art, and in this it resemldes the southern end of the Rhine valley. 

The Wall in the nmon is a simple fault. 

There are a number of straight parallel lines on the moon, which seem 
to indicate a tendency in its surface to form fissures ; several of these lines 
occur, for example, betwecij? Arzachel, Albategnius, and Ptolenuieus. We 
mention them here because it cannot be denied that the earth exhibitvS 
a similar tendency in the contour of the Indian Ocean, and as far as the 
region of the East African faults (where, liowover, they run in a more 
north and south direction), possibly also in the northernmost part of the 
Atlantic Ocean as far as Greenland. The fissures which run from Hyginus 
to the Mare Tranquillitatis are arranged in an alternating scries. In the 
Kast African trough, as is well known, a repeated, abrupt, oblique back- 
ward movement takes place from the neighbourhood of meridian 36"*, and 
an ecjually abrupt return. 

Ocean hasuis of the moon and earth. At the conclusion of the first 
volume of this work it was stated that the Oceanic basins of the earth 
arise and increase in extent by subsidence and inbreak (I, p. 604). Evidence 
for this was found in the outlines of the Atlantic liorsts, which cut through 
the structure, the breaking off of whole folded ranges, and the not infx'e- 
<iuent advance of plant-bearing beds to the coast. At the conclusion of the 
■second volume the excess of the eustatic, negative displacements of the 
•strand led to the conclusion that the subsidences must take place in abrupt 
gradations. The wedge-shaped outlines of some 'of the continents were 
•shown to have arisen through the intersection of two areas of subsidence 
<jf different age (II, p. 537). The lunar seas are likewise areas of subsidence, 

' Einige Bemerkungen iiber den Mond, p. 39; Loewy et Puiseux, III, p. 23 et seq.,> 
bX,p.45. ^ 
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are likewise sepjirated by wedge-shaped horats, and also of unequal age. 
Thus the lunar Apennines and Caucasus, for example, are wedge-shaped 
horsts separating the Mare Serenitatis and Mare Imbriuni (pi. V, fig. 1) ; 
the marginal fractures on the west side of the Mare Nectaris, for example, 
at the foot of the lunar Pyrenees bear witness to the inbreak ; the repeated 
lines on the border of the Mare Humorum show the after-subsidence ; the 
Mare Nectaris and Mare Crisium are more recent than others, and so on. 

Iceland, a volcanic panzer-horst, the subsidences of which probably 
belong to a higher horizon of the earth's interior, may furnish us with the 
truest conception of the caldron fractures of the moon. They occur in the 
north-west peninsula (IV, p. 265, fig. 23), and still more clearly in Faxafjord. 
Here the two promontories of Snefells Jokul and Roykjanes represent the 
lunar capes of Heraclides and Laplace at the entrance to the Sinus Iridum, 
They are followed by the considerable fracture which extends in an arc 
from the north-east to Reykjavik and cuts through the whole of Iceland. 

The Calabrian earthquakes show how the growth of a caldron fracture 
may continue under our very eyes. In this region the Lipari volcanos rise 
in the centre, Aetna on the periphery. If the lavas of the Lipari volcanos 
were to spread out over the whole depression and become visible to the 
eye, then the correspondence with lunar forms would be still greater. 
The Rousillon cuts into the Pyrenees as a caldron fracture and has no 
relation to their structure. Many similar examples have been given 
previously (I, p. 134). 

On the east border of the Alps two caldron fractures appear to come 
into contact. In the Paris basin, and in certain parts of the Mediterranean 
the circular form is more or less preserved ; when the extent of the sub- 
sidence becomes still greater the circular form disappears. 

The explanation of the fact that lava floods do not occur to anything 
like the same extent on the earth as on the moon is prol)ably to be found 
in the thickness of the outer, and in part sedimentary, envelope. The 
longer duration of the processes has also caused the outlines to encroach on 
one another. In the Pacific Ocean we have in addition the confusion 
caused by later tectonic processes, and in the Indian Ocean the use made 
of isolated fissures by the subsidence. The wedge-shaped masses of Green- 
land, Africa (including the Cape mountains) and the Indian peninsula are not 
opposed by a second wedge, as the lunar Apennines arc by the Caucasus. 

Loewy and Puiseux find that three constant stages may be distinguished 
in the moon, each of which indicates a long period of rest and consolidation. 
The first of these corrfispopds to the higher-lying, but little interrupted 
and older regions in the southern part of the moon ; the second, at least 
3,CKX) meters lower, to the general level of the seas, and the third, again 
^3,000 meters lower, to the bottom of the circular walls, which were fonned 
at the expense of the seas after their consolidation. Each of the two latter 
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stages is regarded as indicating the retreat of the lavas to an equai extent ; 
fresh seas and circular walls have been formed later, at the ^expense of the 
most recent stage, and we have no reason to assume that this formation took 
place in a different manner from the seas themselves 

We have already observed, in comparing Mauna Loa and Kilauea, to 
how great an extent the upward impulse may vary in adjacent vents ; a 
general sinking of the lava in the vents, however, may indicate a general 
increase in the gas emission and contraction. 

On the earth not an inch of the surface is known the height of which 
lias remained unaffected by denudation or other processes, and thus a point 
of comparison with the first phase, the ancient land in the south of the moon, 
is lacking. We must have recourse to mean values, but these also fail to 
give the original level. In the case of Africa we have five estimates of the 
mean height, all lying between 602 and 662 meters. Eight figures for 
Asia vary between 920 and 1,010 meters. Two divergent figures lie below 
these numbers'^. The mean depth of the three great Oceans amounts, 
according to Kriimmers later calculations to 3,997 meters, 3,858 for the 
Atlantic, 3,929 for the Indian and 4,097 for the Pacific Ocean Thus the 
depths of the Oceans approach so closely to a round 4,000 meters, that an 
observer on the moon might regard them as the result of one and the same 
phase of consolidation (in ^le lunar sense). We might object that they are 
of different age; he would reply that the sum of the aeons M'’hich is 
embraced by the stratigraphical chronology of the geologist, lies wholly 
within the epoch of such a phase. 

Here we are in the danger zone of mean figures. The way in which 
the foredeeps in front of the Burman arc advance into the Indian Ocean, 
and those in front of the North Antilles into the Atlantic region shows 
that they arc independent of the general Pacific subsidence, and more 
recent than it. The bottom of the Ocean behaves like a submerged 
foreland. The observer in the moon would distinguish three stages, that 
of the Indian peninsula, that of the Pacific Ocean, and that of the fore- 
deeps, each of them about 4,000 meters in height. The continent of Asia 
would correspond to the folded sediments which are absent on the moon. 
We must seek a broader basis for our discussion. 

The terrestrial sea basins are such mighty interruptions of the general 
surface, that distinguished naturalists, such as W^allace, have believed them 
to be immutable forms of the body of the earth imprinted on it from the 
beginning ; no new Oceanic basin could be formed, and no existing basin 
could be destroyed. Observation does not confiryi these views. We must 

■4 

* Loewy et Puiseiix, Atlas photogi-aphique de la Luiie, IX, p. 12. 

Table in Supan, Grundzfige der physischen Erdkundc, 4tli ed., 1908, p. 48. The 
divergent figures in the height of Asia are, Humboldt (1844) 351 meters, and Lapparent, 
H79 meters ; for mean heights and depths, see also Penck, Morphologie, 8vo, 1894, 1, p. 15J, 
^ 0. Kriimmel, Handbuch det Ozeanographie, 8vo, Stuttgart, 1907, [, p. 144. 
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certainlj^ distinguish between the outlines of the seas and of the sea basins. 
The outlines change, and not without reason are transgressive or supraconti- 
nental seas distinguished from the deep basins. The former are produced 
by changes in the shape of the hydrosphere, the latter by deformations of 
the lithosphere. The outlines of the transgressions change ; the deep basins 
change also. 

The subsidences of the Altaides which occurred in Europe were accom- 
panied by displacement of the folding processes, and it even seems as 
though it were just these subsidences which led to the interruption of 
any further folding of the Altaides in Europe and North Africa. 

In later times the Tethys was subjected to pressure, which came from 
the iioi'th in Asia, and from the south in Europe ; in the great mountain 
ranges overthrusts and foldings occurred, the deeps were closed up and the 
sea displaced. Then new inbreaks took place ; in the MediteiTanean they 
are still in progress. All examples of cablron fractures, with the exception 
of those of Iceland, lie inside the Altaides or their posthumous structures, 
Not one crosses to Africa, and this explains the divergent structure which 
characterizes the south-eastern part of the Mediterranean as far as the 
rectilinear Syrian coast. 

A deep sea, extending from Sunda to southern Europe was incorporated 
with the continent, and that this process really involved the advance of 
the Pacific and very profound movement is proved not only by the entrance 
of Tibetan faunas into the East Alps, but also by the occurrence of Pacific 
lavas in tlie same region. In this, too, lies the affinity of Gibraltar with the 
North Antilles. 

The changes which the earth s surface has experienced in later times 
are incomparably greater than was fonnerly admitted, and we hesitate 
therefore, to press further, on the basis of mean figures, this comparison 
with the phases of consolidation of the moon. — 

Previous to the recognition of the process by wdiich terrestrial batholites 
melt a way for themselves, the filling of the lunar seas with lavas appeared 
so inexplicable, that even experienced investigators l)elieved that these 
forms were produced by the impact of foreign bodies b A batholite on 
its upward course does not produce a fissure extending through several 
degrees of latitude. If it does not actually reach the surface by melting 
its way, then — and this, as far as the facts can be discovered, is generally 
the case —its roof opens in a network of fissures, and the lavas issue forth. 
This is the explanation of the group volcanos. 

Outside the Atlantic yegion, group volcanos occur only in an eastern 
part of the Pacific Ocean (CJalapagas, Easter island), and in the western 
Mediterranean. In the Atlantic region itself we have the Azores, the 
Canary islands, and the Cape Verd islands. We should mention also 

* Staler, Smithson Contrib., 1908, XXXIV, p. 15. 
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the repeated submarine eruptions, the numerous laarthqua'ies, which 
Rudolph records particularly in the neighbourhood of St. Paul, and the 
fact that while there are no active volcanos in Brazil, yet in the west of 
the Ocean the only islands arc those formed of volcanic rock (Trinidad, 
Fernando Noronha, Abrollios). It is well known that the majority of 
Oceanic islands are of volcanic origin^. In any case the distribution 
of recent volcanos over the bottom of the Oceans contrasts with their 
absence in India, Cambodia, the North China mole, Angara land, Laui'cntia, 
and Brazil, and also with their rare occurrence in all ancient lands, 
excepting Africa, where they arise in a different manner. At the same 
time it is a striking fact that the Sandwich islands, with possibly the 
greatest accumulation of heavy lavas in existence, and with their glowing 
lava lakes recalling those of the moon, should rise from the midst of the 
Pacific Ocean. 

Sepamtioti o/ the moon and ita eontiequeiues. It is with extreme 
distrust that tlie geologist regards all attempts to apply the exact methods 
of mathematics to the subject of his studies. For him the present is 
a rapidly passing moment, and while he measures, according to his own 
standard of time, the age of the foundations upon which the superstructure, 
admiraldc enough in itself, of modern geodesy is erected, yet these founda- 
tions thcmselvea appear ;to him mutable and temporary. We have no 
precise knowledge as to what extent the strand-line, upon which so many 
investigations have been leased, may be influenced by continental attraction ; 
but that its level changes is well known. A considerable part of the 
European and North American coasts is surrounded in the Atlantic Ocean 
l>y a shallow shelf with a well-defined l)oundary next the great depths. 
This ontens the Arctic seas, and Nansen sounded its edge to the north of 
the Siberian islands at —100 meters. Further to the north, i.o. 

I^eyond lat. 80° N., the sea is 3,000 to 4,000 meters deep 2 . This shelf 
records the existence of a lower level of the strand at a time when all the 
coasts mentioned above already possessed the principal features of the 
existing relief. 

At another, and probably still later period, the water over the North 
Pole rose to a much higher level than at present. Great parts of Siberia 
were submerged. In Scotland the strand reached a level of + 161 meters. 
In Arctic North America, as for example in Discovery Harlx)ur (lat. 
8r 45' N.), Mya tmineata has been recorded at a level of about +591 
meters ; in Montreal the sea reached a level of 143 meters, in Nantucket 
of 26 metcis ; its traces disappear towards lat. 40° N. At that time, as is 

’ II, p. 133 ; E. Rudolph, Ueber submarine Erdbeben und Eruption ; Gerland, Beitr^go 
?ur Oeophysik, 1, 1887, p. 133 ei seq., in particular p. 289, maps (also following volumes). 

^ E. Nansen, The Norwegian North Polar Eixpodition, 1893-1896 ; Scientific 

1904 ; Bathymetric Features of the North Polar Seas, 4to, 232 pi>., maps. 
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shown by the shelJs, botli the Gulf stream and a cold counter current 
were niready in^existenco. 

Each of these epochs would have afforded a different value for the 
ellipticity of the eartli, and we must console ourselves with the reflection 
that in those stretches of coast of which we possess the most precise know- 
ledge such general alterations of the hydrosphere are not established with 
certainty 

Making the reservations which attach to these and similar observations, 
we will now attempt to discover whether a number of events, whicli are all 
for the most part older than the formations accessible to the hammer of 
the geologist, have or have not left their last and most external traces on 
the existing face of the earth. 

Kant was aware, as early as 1754, that the rotation of the earth is 
retarded by the tides, and that this retardation will continue until the 
earth at last will always turn the same side to the moon At the present day 
we are able to measure the bodily tides of the planet®. Jacobi has shown 
that an ellipsoid with three axes may represent the equilibrium figure of 

* In forming an opinion of the Bothnian moveinentK we must be careful to disregard 
the pi*ehisftoric indication.^, which wore determined by other fiictors. The traces in 
riiiestion here can hardly have originated very long before the close of the seventeenth 
century (II, p. 413). We still regard them as phenomena produced by discharge. If 
we are unwilling to attribute such an effect to a cliango in the atmospheric precipita- 
tions alone, we may assume that at that time a particularly large quantity of heavy 
water produced by storms travelled from the (Kattegat across the threshold of the northern 
liasin, and maintained the freshwater supplies at a higher level, until it gradually dis- 
appeared by diffusion (II, p. 397). Rosen’s works show the dithculties connected with 
exact measurements in these waters which fluctuate with the season (Ymer, 1896, XVI, 
pp. 65-77, map). — At Swinemunde the mean level has remained unchanged since 1811 
(iSeibt in VerOff. k. preuss. geodat. Inst., 1881, 1890). A divergent statement for Memel 
was based on a displacement of the gauge (If, p. 400). In the Y in front of Amsterdam 
the mean level did not alter from 1700 to 1860 (H. <1. van dor hJandC'Bakhuyzen, Akad. 
Amsterdam, 1908, pp. 703-710). - -Spratt’a statements with regard to a tilting movement 
in Crete (II, p. 437) are based, as Cayeux has since shown, on an error (Ann. G6ogr., 1907, 
XVI, pp, 97-116). — A. Grand finds that the strand-line at Ephesus has maintained the 
same level since the time of the oldest harbour structures (Sitzb. k. Akad. Wiss. Wien, 
1906, CXV, 1, pp. 241-262, map). The discovery of pholas holes, which are older than 
Elephas antiquus, in the caves of Monaco (M. Boule on Les Grottes de Grimaldi, 4to, 
Monaco, 1906, II, p. 152 et seq.) shows that mistakes arise if we confuse such borings 
with historic characters. From the works of MM. Lamothe, Dcptlret, Choffat, Negris, 
and others, which relate to tracts of considerable extent, it may be seen which of the 
earlier movements of the Mediterranean must be regarded as eustatic, and which as 
local. 

* Immanuel Kant, Untei-suchung der Frage, ob die Erde in ihrer Umdrehung um die 
Ach.se . . . einige VeranderungCii seR den ersten Zeiten ihres Urspninges erlitten habe, 
KcJnigsberg, Frage- und Anzeigungsnachrichten, 1754, nos. 23 and 24 ; also his Siimmtlichc 
Werke, Ausgabe Hartenstein, 1867, I, pp. 179 186. 

^ 0. Hecker, Beobachtungen an Horizontalpendeln fiber die Deformation des Erdkfii’pers 
unter dem Einflussc von Sonne und Mond, Verfift’. preuss. geodilt. Inst., 1907, new ser. 
no. 32, 95 pp, . ^ 
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a rotating fluid. Poincard has determined the conditions With greater 
exactitude. Considerations of this kind have formed the starting-point 
of a series of brilliant studies in which Sir George H. Darwin has devised 
new methods of investigating the remote history of our planetary system. 

The most important results obtained by Darwin are the following. 
The body of the earth was in fact at one time an ellipsoid with three axes, 
rotating with a considerable velocity. A constriction began to form 
(Jacobi’s pear), finally, a smaller body, the motm, detached itself from the 
equator. Its mass amounts approximately to of the mass of the 
remaining body of the earth. Each of the two bodies gave rise to tides 
in the other; and these, owing to the proximity of the two bodies and 
their viscous state at that time, were of great magnitude, and had a 
retarding action owing to the internal friction of the bodies. The action 
of the eartli on the moon was much more powerful than that of the moon 
on the earth. The moon began to move away. Its velocity of rotation 
iliminished ; as in like manner did that of the earth, which at that time 
took only a few hours to complete a single rotation, and now requires 
24 hours. This change proceeded in the different bodies to a different 
degree. Thus it has come to pass that the moon has almost entirely lost 
its movement of rotation, and tliat the time taken by the moon to make 
one revolution round t}?e earth (month) was once 29 (at that time some- 
what shorter) days, whereas at present it is only 27 days. A time will 
arrive, as the rotation of the earth becomes slowed down, in which the day 
will reach a length of 55 hours ; the day and the month will be of equal 
length, as during the period of Jacobi's pear, and from that time onwards 
the earth will always turn the same side to the moon, supposing that no 
disturbances are caused by other bodies C 

The mathematician was confronted with a new problem in the resolu- 
tion of the common centre of gravity ; the geologist is concerned with the 
discovery of some traces of these past events, and seeks in particular for 
indications of the place of disruption, of greater bodily tides, and finally of 
a more rapid rotation. 

’ We cannot attempt in this work to give any idea of the m(?rits of investigators such 
as Thomson and Schwarzschild, who besides those already named have contributed to a 
clearer conception. A history of the process has been given by A. Prey in the Astrono- 
misclier Kalcnder der Wiener Stern warte filr 1905, pp. 114 125. 0. H. Dai-win's results 

were first published in some d(?tail in the Phil. Trans., vol. 170 A (1879), 1880 (On the 
Bodily Tides of Viscous and Semi-elastic Spheroids, and on the Ocean Tides upon a Yield- 
ing Nucleus, pp. 1-85 ; On the Precession of a Viscous Spheroid and on the remote History 
of the Earth, pp. 447- 538 ; Problems connected with tne Tides of a Viscous Spheroid), 
which were followed by othei-s (in particular op. cit., 1880, vol. 178 A, pp. 379-428, and 
1902, vol. 198 A, pp. 301-331 ; also in particular Poincare, op. cit., pp. 333-373). A 
short summary was given by Darwin before the British Association in Capetown, 1905 
(Nature, 1905, vol. 72, p. 441 et seq.) ; his works on this subject are collected in Scieuitific 
Papers, Cambridge, 8vo, so fsTr 1 and II, 1906 and 1907. 
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There no lack* of attempts. As early as 1881 Robert Ball believed 
that the scar left on the earth, at that time by no means consolidated, 
would soon have closed, but since the magnitude of the tides decreases 
with the cube of the distance, we must assume the existence of extremely 
high tidal mountains in the earliest times. 

When the distance of the moon from the earth was of what it is at 
present, these veaves must have been 600 feet liigh on the earth. Exces- 
sively large waves of lava must have swept over the moon. Robert Hull 
concluded that great planes of denudation must have been produced. 
Darwin attempted to moderate thase view’s. The high tides assumed by 
Ball must have belonged to a period at which the ellipticity of the earth 
was about twelve times as great as at present; such a state is probably 
anterior to any of those which are recorded in the stratified rocks. The 
movements of the atmosphere, storms, and atmospheric precipitations, must 
have been very violent ; Osmond Fisher proceeded from the assumption that 
heav}^ basic lavas form the l)ottom of the Ocean. The separation of the 
moon involved the peeling off* of a layer of unequal thickness ; the thicker 
places would be our existing seas ; it was the lighter (Sal) parts that were 
removed ; basic lavas would have welled up and filled up the basins b 

Somewhat later Jeans expressed the opinion that in Darwin's investiga- 
tions tlie influence of gravitation had not been sufficiently considered. 
Sollas attempted to approach the problem by means of morphological com- 
parisons, and both observers arrived by different roads at the conclusion 
that the existing form of the earth still presents traces of the pear : the 
land hemisphere corresponds to the broad end, and a place somewhere in 
the Pacific Ocean w’^ould correspond to the stalk of the pear. Liipw’ortli 
thought that the land of the Arctic regions must be regarded as the broad 
end 

For us one fact alone is certain, that the distribution of the great Ocean 
subsidences is not accidental, but must be the result of a process of develop- 
ment, inherent in the nature of the planet, which is not yet at an end. 
Any serious attempt to obtain further knowledge of this process of 
development, and, if possible, to bring the results of the mathematician 
int(j connexion with those of the geologist is to be welcomed. 

Of the further studies by mathematicians only those of Love necrl 
concern us here. They take into account an eccentric position of the 
centre of gravity, an inherited tendency to an ellipsoidal form, the earlier 
and the existing influence of the moon, and the rotation of the planet. An 

n 

^ R. Ball, Nature, 1882, XXV, pp. 103 et sqq. ; E. Hull, tom. cit., p. 177 ; G. H. Darwin, 
ibid., p. 213 ; 0. FiRher, ibid., p. 243. 

“ J. H. Jeans, Vibrations and Stability of a Gravitating Planet, Proc. Roy. Soc., 1903, 
LXJTI, pp, 136-138; W. J. Sollas, Figure of the Earth, Quart. Joum. Geol. Soc., 1903, 
LIX, pp. 180-188 ; Lapworth, tom. cit., p. 188. * 
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attempt is made to show by analytical methods that {he earth/ in order to 
reach its existing state, must have passed through three •phases (spherical 
harmonics), each of which has been impressed on the one preceding it. 
The first harmonic is the simplest; it corresponds approximaUdy to the 
figure described by Dante as impossible (II, 6, fig. 2). The centre of 
gravity is eccentric ; it is tlic centre of the hydrosphere which hangs from 
the planet ‘like a drop of water on a greasy shot’. The centre of 
the dry land would lie approximately near Wady Haifa. The second 
Jiarrnonic leads to two antipodal depressions at the places where the 
ellipsoid of the lithosphere passes beneath the spheroid of the water ; one 
of these depressions would be the Pacific Ocean, the other the Mediterranean 
with its surroundings, Africa, and parts of the Atlantic and the Indian 
f)ceans ; this phase appears to be less clearly marked (Africa would have 
been submerged). The third harmonic gives an oval central piece of land, 
Formed by parts of Europe, Asia, and Africa, surrounded by a depression 
corresponding to the Arctic, Atlantic, and Indian Oceans, together with 
West Africa, Nortli and West Europe, and fragments of Asia. This is 
followed by a protuberant ring extending through both the Americas, 
Antarctis, Australia, and New Guinea. Finally, we should have the Pacific 
Ocean, which Love regards as the broad end or crown of the pear. Love 
adds that the changes im the earth's form must be ascribed to two causes, 
gravitation and tectonic processes. Gravitation influences the mass, and 
displaces the Oceans. Tectonic processes must be held responsible for the 
Formation of mountains, and possibly of the Oceanic abysses. Except 
where they incidentally accompany the action of gravity, tectonic changes 
luust be ascribed to the cooling and contraction of the earth 

Love’s results are described by the author himself as tentative essays, 
and as regards tlieir coiTespondence with the facts of nature, they must not 
l»e subjected to a severe scrutiny. Our object is merely to show how the 
mathematician obtains deformations of the earth, which far exceed, both in 
extent and significance, the dislocations studied by the geologist ; beside 
these, indeed, tectonic processes may be reganled as mere incidents. These 

‘ A. E. H. Love, Gravitational Stability of the Earth, Phil. Tnins., 1907, vol, 207 A, 
pj). 171-241 ; Address Brit. Assoc. Leicester, 1907, 12 pp. : and Figure and Constitution 
of the Earth, Roy. Inst., March 6, 1908, 15 pp. Of the most recent works the following 
may be mentioned : L. Waagen, Wic entstehen Meeresbecken imd Gebirge? (Verb. k. k. 
geol. Reichsanst., 1907, pp. 99-121), takes the point of view of the contraction theory and 
deals with its connexion with folds; R. D. Oldham, Origin of the Oceans (Quart. Journ. 
Oeol. Soc., 1907, LXIII, pp. ;i44-850), deals with the difference in the propagation of 
seismic waves beneath the Pacific Ocean and the Pmrasiatic continent ; W. H. Pickering,. 
The Place of Origin of the Moon; the volcanic Problem (Am. Journ. Geol., 1907, XV, 
pp. 23-38, map); the place of separation lies in the middle of the water hemisphere, 
about 1,000 miles (1,600 kilometers) north-east of New Zealand in lat. 25 ' 8. The land 
hemisphere wsis tom apart ; Ijence the symmetry of the Atlantic contours. * 
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two branches of study have not yet, however, been brought into connexion, 
and we can only’otfer now a few isolated suggestions. 

1. Twin bodies, wdiich aiv. later constricted off, are known among the 
Tektites. ^ These glassy meteorites seem to occur, so far as observations 
exist, over a long strip of the earth’s surface extending from Australia, 
through Billiton island, to Moravia, the south of Bohemia, and possibly even 
as far as Kristianstad in Scania. Such twin 1x)dies have so far only been 
met with among the Australites. As early as 1898 R. H. Walcott ascribed 
their origin to a violent rotation, and thought they pointed to the tearing 
apart of a dumb-bell fonn. 

F. E. Suess compared them with the constricted ellipsoid of Jacobi, and 
the double stars. It is as though Nature had provided us with an 
illustration 

2 . The moon, with a density of 34 is lighter than all the inner and 
heavier than all the outer planets. We are once more reminded of the 
light crystals of peridote in the heavy bath of Nife, exhibited by certain 
meteorites, and the sharp boundary, drawn by Wiechert at a depth of 
about 1,500 kilometers, between the heavy metallic core of the earth, and 
the stony crust with a density of 34. From the latter the greater part 
of the moon w'as probably derived. In the main body the metallic material 
must for the most part have already been concuntrated in the core. At 
the time of the separation of the moon almost all the Sima rocks of the 
earth’s surface certainly possessed a density below 34, and the white ashes 
show that the moon, at the time of separation carried Sal materials with it. 
Since it cannot contain much Nife, while it possessed a sufficient quantity 
of juvenile gases, we may suppose that on the earth also these gases and 
wdth them our volcanic eruptions do not proceed from the depth of the 
Nife but from Sima, i.e. from that zone of the earth’s Ixxly which extenrls 
for almost 1,500 kilometers beneath the Sal envelope. 

3. As examples of ancient abrasion, caused by powerful tides, we might 
point to the PrC'Carnbrian vsurfaces of North Canada, and North Russia, 
but even these were preceded by foldings and unconformities. Profound 
abrasion is also exhibited by the gold-l)earing beds of the Transvaal. 


^ R. H. Walcott, Occurrence of So-called Obsidian-Bombs in Australia, Proc. Roy. Soc. 
Victoria, 1898, new ser. XI, 1, pp. 23-53, in particular j). 35 ; F. E. Suess, Herkunft der 
Moldavite, Jabrb. k. k. geol. Reichsanet., 1900, L, pp. 193-382, in particular note to 
p. 339 ; also F. Eicbstadt, En egendoml. af rent glas best^end. meteorit, funnen in SkSlne, 
Geol. For. Stockh. Forh., 1908, XXX, pp, 323-330. The ‘buttons* generally become 
surrounded with a broad and flt t equatorial girdle, which may possibly be due to the 
resistance of the air. Walcott also figures a twin with an equatorial girdle ; in this case 
the rotation was probably lost before the separation. In another button the elongated 
remains of the attached part (the stalk of the pear) is still present ; in this case the 
equatorial girdle became detached like one of Saturn’s rings, and is open where the stalk 
occurs. 
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4. Darwin states that if lx)dily tides have influenced the arraAgernent of 
the mountain chains, then we should expect to find at the*equator a north 
and south strike, towards the north a north-easterly strike, and towards the 
south a south-easterly strike. This supposition holds for almost the whole 
of the Pacific region. The advance of the Antilles towards the east, the 
arrangement of all the arcs of Eastern Asia and the Oceanides, and in 
particular the fact that almost all the Asiatic virgations open towards the 
west and south-west are consistent with the theory. But there is no lack 
of exceptions ; the St. Elias range is folded towards the west or south-west, 
likewise the great Burman arc and the Urals. The whole of that part, 
of the Western Altaides lying outside the horst of Azov is opposed to 
the rule. 

An attempt lias been made to explain the arrangement from the rotation 
of the earth. Douville has adduced the earlier, more rapid rate of rotation 
and obtains a prevalent east and west direction. Prinz, on the other hand, 
finds a prevalent noidli and south direction b We may also point to the 
folding, directed to the south, of the United States chain, situated on 
the other side of the Pole ; also of the Aleutian islands and the southern 
marginal arcs, and in particular to the Cape mountains directed towards 
the north ; the exceptions are the same. 

5. In the pre-Cambriixn regions and in horsts parts of older plans are 
visible, and the subsidences, which follow upon them and liound them, are 
independent of tliese older plans. In Europe the situation is particularly 
striking, owdng to the manner in which the Caledonides in the north and 
the Saharides to the south are cut through by the Altaides. The contrast 
lietween the directions which dominate the Bohemian mass and that of the 
East Alps affords another example, and similarly, in North America, the 
contrast between Laurentia and the Appalachians. 

The fact mud therefore he recoynized that the face of the earth pret<enti< 
several plans, iinposed one uj)on the ether. 

6. The dislocation which preceded the upper Carboniferous is of such 
extraordinary extent that it might be described as a deformation of the 
earth's face. As this disturbance is characterized by its extent, so the 
Tertiary movements in the Alpidcs are characterized by their intensity: 
they must also have been .succeeded by widely distributed rending apart. 
The disturbance preceding the Neocomian in the west of North America 
and other examples of importance might also bo mentioned. These, we 
may suppose, are all of later date than the changes of form produced by the 
spherical harmonics. Whether they are caysaKy connected, I am not in 
a position to judge. 

* Douville, C. R. Acad. vSei. Paris, 7 mars 1904 : Prinz, Siir les similitudes que pre- 
senfcent les cartes terrestres et planrtaires (torsion apparente des planetes), Anii. Obsgiv. 
firux., 1891,34pp^ # 
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Jsostat /a covipenmt io a of the mountains. Pratt found that the Him&laya 
in Kali&na, about 64 kilometers to the south of its foot, only gives a deflexion 
of 6" or 7" instead of 27'" which is the theoretically determined amount. 
This led him to conclude, in 1852, that gravity does not attain its normal 
value in the Himiilaya. He went even further, and believed that the distri- 
bution of mass around the earth is uniform; on the continents there 
should be a deflciencj" of mass below the surface, beneath the sea ; on the 
other hand there should be a compensatory excess. He named this the 
('orfi2Jensat!au theorj/. The pendulum measurements quoted by Basevi and 
Heaviside tetween the years 1865 to 1873 do, in fact, show a deficiency of 
mass in the foothills of the Himalaya ; More, the highest station, and the 
only one situated within the high mountains (4,696 meters) gave a particu- 
larly large deficiency. Opinions differed, until Sterncck invented a more con- 
venient and exact pendulum apparatus and made numerous measurements 
in Austria, while Helmert applied to the subject ingenious mathematic/xl 
methods. 

A calculation made by Helmert, which appeared in 189.2, created a deep 
impression j this was based on measurements made by Sterncck at thirty- 
seven .stations situated on a line 356 kilometers in length, extending through 
the heart of the Tyroles(^ Alps and surrounding Oetz and Stubai in a ring. 
The result in this case also showed that a deficiency of mass occurs, even if 
it does not completely compensate for the mass of the mountains. This 
deficiency must occur in the upper layers of the earth’s crust, since it is 
scarcely perceptible at Munich and Padua. The density appears to be 
greater in the layers beneath the sea, which are inaccessible to direct 
observation, than l>eneatli the continents. The deficiency l>eueath the Tyro- 
lese Alps was estiftiated at a thickness of 1,200 meters, with a <lonsity of 2*4 b 

There is a similar basis for Dutton’s view, according to which the 
foreland is sinking and the mountains are rising. This i.s do.signated by 
Dutton as isoduby, and he believed at first that a part of the cflect mu.st 
be ascribed to the sediments carried down from the mountain.s, but 
that in any ca.se a vspecial elevating force is required to account for the 
tablelands b 

This theory found much support, especially in America. The position 
of the Appalachians seemed to accord with it particularly well. At the 
same time some doubts were expressed. As the measurements increased in 
number, the compensation was found, as a rule, to be only partial. To 
geologists, cavities of a height of 1,(XK) meters or more seemed out of the 
fjuestion, and no mountain royk is known of so low a density that it couM 

' F. R. Helmert, Die Schwerkraft im Hochgebirge, Ver6ff. k. preuss. geodiit. Inst. u. d. 
Centralbur. d. intemat. Erdmessung, Berlin, 1890, 52 pp., map. 

^ C. E. Dutton, Some of the greater Problems of Physical Geology, Bull. Phil. Soc. 
Washington, 1892, XT, pp. 51-64. . * . 
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represent the deficiency. The continuation of Sterneck’s work* revealed 
much that was unexpected. In contrast to the Tyrol* the Carpathians 
showed a deficiency beneath the foreland ; this deficiency extends from the 
north into the mountains near Slavsko (594 meters), becomes more con* 
siderable, and ends ‘ quite suddenly ’ about 20 kilometers to the north of 
the crest (Beskid, 799 meters) against an area of excess, which extends 
from this point onwards (still north of the crest) over the whole of the 
Hungarian plain. This region of excess also advances fairly deep into 
the most easterly part of the Alps. In South Tyrol, also, a marked excess 
within the mountains already occurs at Ala; it persists through Verona into 
the plain ; Mantua shows a deficiency in the foreland. In the Caucasus 
Stebnitzki found no correspondence between the deficiency and the moun- 
tain lK>undaries. Costanzi thinks that the negative values, in general, do not 
coincide with the axes of the mountains, but are displaced in the direction 
of a noighlmiring depression ; in the case of the Alps and Carpathians 
he conjectures that the displacement follows the tectonic movement ^ 

In the case of isolated mountaiiLs the results become incomprehensible. 
At the foot of Mauna Kea in Hawaii (3,980 meters), Preston obtained from 
observations with the pendulum the extraordinary density of 3*7, while the 
upper half of the mountain gives 2-1 ; the mean of the two, however, 2-9, is 
probably near the truth A similar result, according to Ricco's statement, is 
niforded by Aetna. In the centre of Sicily the data show a deficiency of 
gravity, towards the mountain this diminishes and an excess sets in, which 
increjises as we proceed, but on the summit (2,993 meters) a deficiency occurs. 
As shown in a section, the curve of the density corresponds in a striking 
luanner to the negative of the curve of the surface ‘K 

From those facts we learn the following. On the isolated summit of 
a cone, such as Aetna, the lesser mass of the summit sliould be taken into 
account (but not cavities in the mountain). Since the action of gravity 
decreases with the square of the distance, the cause of such a rapid change 
as that occurring in the Carpathians and in South Tyrol cannot possibly 
lie at any considerable depth. At the surface, however, four factors only 
come under consideration : the relief, tectonic structure, density of the rock, 
and mode of reduction of the observations. The first three are known; 

* R. V. Stcrneck, Schwerkraft in den Alpen, Mittli. k. k. milit. geogr. Inst. Wien, 1892, 
XI, 108 pp., map ; Relative Schwerebestimmungen ausgefiihrt im Jahre 1893, op. cit., 

102 pp., map, in particular p. 87 ; G. Costanzi, C. R. Acad. Sci. Paris, 21 oct. 

* E. D. Preston, Gravity Determinations at the vSandwi^ili Islaudfl, Am. Journ. Sci., 
1893, CXLV, pp. 256, 257, The specific gravities in Kilauea lie according to Silvestri 
Ijctween 2-72 and 3*03 ; Silvestri in Tacchini, Relazionc sugP eclissi totali di sole 1882 - 
1887, 52 pp., in particular p. 50. 

‘ A. Ricco, Anonialia della gnwita e magnetismo terreno in Calabria e Sicilia, Boll^ 
»oc. Siam. Ital, 1908,^X11, et passim. 
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the mode of reduction is indicated by the case of Mauna Kea, where the 
extracted meafi gives a probable valtie for the density. 

The law of Bouguer (or Young), which is generally employed in these 
calculations, includes two factors ; the first of which relates to the height 
above the sea of the observing station, the second to the vertical 
attraction of the mass which lies between this station and the sea 
level; in the case of an irregular surface, a local correction for the 
relief must also be made. In the second factor, the entire mass situated 
between the station and the sea level is regarded as a slab of the 
equated mean height of the continent, and of infinite extent. Modifications 
of these law’s have been introduced by Helmert. As early as 1880 and 
1883, Faye proposed to omit the second factor of Bouguer's law, but to 
make use of the first and of all local corrections. In making this proposal, 
Faye was able to point out — as Clarke had done previously — that, with the 
omission of this factor, the great deficiency below Mort^ the highest point 
in the Himalaya measured wdth the pendulum, completely disappeared. 
At the same time he observed that it wwild be impossible to determine, 
even approximately, the density of the planet from isolated mountains, 
if these mountains w^ere themselves lighter, and were compensated by 
masses beneath the scab 

This is not the place to discuss in detail, points of this kind. An 
example on a large scale may be mentioned, the measurements of wdiicli 
have been calculated according to the methods both of Bouguer and Faye : 
this is Putnam's cross-section of the United States Bouguer's law'^ gives 
negative results throughout, from Boston to San Francisco (with tljt^ 
exception of Washington, to be discuased later). The deficiency increas(?s 
gradually from the east, especially from 1,000 meters upwards, and above 
2,000 meters becomes very considerable. The maximum of these negative 
values lies in Gunnison, Colorado (2,340 meters), close to the main body of 
the Rocky mountains ; in California the values decrease. Thus this law 
gives a deficiency along the whole line, becoming very considerable beneath 
the high mountains, and it stands in complete opposition to the relief. If. 
on the other hand, the calculation is made for the first factor only of 
Bouguer’s law% then though it also gives a deficit in the east and beneath 
the plains, yet this is much more trifling than that obtained by the first 
calculation ; in the Appalachians indeed, a small positive value occurs, and 
the deficiency does not increase in the direction of the mountains. Further 

' Faye, C. R. Acad. Sci. Paris, 24 mai 1880, 21 juin 1880, 30 avr. 1883 et passim, 'fhe 
fact that the density of the darth is measured by the att raction of mountains is also nien- 
tioned by Hann as incompatible with compensation ; Schwerecorrcction bei baronietri' 
schen Hfihenmessungen, Peterm. Mittb., 1903, pp. 163-166. 

^ G. R. Putnam, Results of a tianscontinental Series of Gravitational Measurements, 
•Bull. Phil. Soc. Washington, 1895, XIII, pp. 31-60 ; and G. K. Gilbert, Notes on the 
Gravity Determinations reported by Mr. Putnam, op. aH., pp. 61-75. 
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in the mountains themselves, all the stations which lij above *1,800 to 
3,000 meters (with the single exception of Gunnison) gfve, instead of 
a deficiency, an excess with a considerable maximum beneath Pikes Peak 
(4,293 meters, Rocky mountains), the highest point on the line. Finally the 
iiitro<luction of local correction levels out the inecpialities, shifts to some 
extent the positive values from the high mountains towards the eastern 
foothills, reduces the excessive maximum beneath Pikes Peak, makes 
Gunnison also positive and so on. 

Thus while Bouguers calculation leads to a great deficiency beneath 
the high mountains, that of Faye accords on the whole with the general 
form of the surface ; at the same time the differences between the theoretical 
gravity and that determined by the pendulum are so far reduced that 
Putnam no longer ascribes any importance to what remains. For this 
reason Gilbert concludes that the lithosphere possesses a greater load- 
l)earing capacity than is assigned to it by the champions of isostasy. The 
AppalachianSy Rocky mountains, and Wahsatch plateau are extra loads 
v^hkli are supported by the riyulity of the earth. Here, therefore, the 
r<\sults of the geodesist and tliosc of the geologist are in complete accord. 

The question now arises as to how this result can be reconciled with 
that ofjtaincd in Central Tyrol after vso much exact observation and 
ingenious calculation. Frora Helmert’s table we see that g — y (difference 
l)ctvveen the measured and the theoretical value of gravity) is negative in 
all the 37 stations of the ring, but that towards both the heights of the 
Brenner and the sources of the Etsch (Reschen-Mals) this difference 
hecotnes less considerable. The greatest height in the ring is 1,483 meters, 
its mean height 790 meters. It is surrounded by much higher mountains, 
and tln^ mean height of the enclosed mass (Oetz and Stubai) is over 2,000 
meters. Many peaks exceed 3,000 meters, not a few even 3,500 meters, 
ff we leave the ring in tlio south and enter those high mountains, we still 
find a negative value at a lieight of 1,636 meters (Pfclders), hut this is con- 
siderably smaller than in the ring, and at a level of 2,967 meters (Sandbiichel) 
the value is positive, which is not the ciise anywhere inside the ring. We 
ol)tain the same result if we ascend from the ring towards the south-west 
to Franzenshohe (2,188 meters), and the Stilfser Joch (2,760 meters); both 
localities are positive. We must, therefore, suppose that conditions prevail 
similar to those in the Rocky mountains, and that the imaginary deficiency 
heneath the Alps is caused by the low-lying position of the ring. This 
admirable work should, therefore, be completed by pendulum measurements 
the summits, , * 

We will next pass to the more recent work in India. 

Burrard divides India into four regions. These are : I, the Himalaya ; 
the vast plain traversed by the GangCvS, the southern border of which ^ 
^iiaintains a remarkable paralklism with the foot of the mountains ; III, the 

K r 7, 
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peninsula ; and, north-western India, situated on the other side o£ the 
syntaxis. In 1 V the investigation has not made much progress, so that fer 
the present it may be left out of account^. 

The* peninsula, III, exhibits heavy rocks widely distributed. The most 
ancient arc the batholites of charnockite; next worthy of mention are the 
basic rocks, which near Rfijmah&l, for example, on the boundary between 
II and III are 2,000 feet thick ; they belong probably to the period of the 
upper Gondwana ; finally, in the west there is the extensive Deccan trap. 
Near Bombay it reaches a thickneas of 6,000 feet, if we include some 
intercalated sedimentary beds. It forms broad table-mountains, which in 
the Sahyddri reach a height of over 4,000 feet. 

To the north of Delhi the ranges of the Aravali mountains striking 
towards the north-east, disappear beneath the plains of II. Here we must 
refer a range of quartzite and itacolumite ; situated upon it is Kaliana 
(lat. 27' 4' N., not far from Muzaffarnagar), Everest’s observing station, and 
the starting-point of Pratt’s compensation theory. Much further towards 
the north-west, the remains of the Aravali quartzites of II crop out in the 
Korina mountains on the Chenab, about 60-70 kilometers away from the 
Salt range 

The high mountains of I are separated from II by the belt of the 
Tertiary Sewalik hills, which consist of sandstone and conglomerates, the 
latter completely resembling the existing alluvium of II. The gneisses 
which occur in Sikkim and vstill furtlier toward.s the east, to the nortli of 
this zone and on the lx)rdcr of the Himalaya, are overthrown towards the 
south ; Gondwana beds dip beneath them. They doubtless correspond to 
the gneisses of III (peninsula) precisely as the zone of inont Blanc corresponds 
to the Variscan foreland. 

The first, and, as Burrard justly observes, the most remarkable fact is 
that in general a distribution of the weight in well-marked zones is 
manifested. Zone II obvioudy corresponds to the foredeep of the Ilimdlaya, 
and according to observations made elsewhere, no serious objection could 
be raised to the assumption that here, in front of the Himalaya, there lies 
a subsidence 6 to 7 kilometers in depth, or even more, which is filled 
with a sediment of a much lower specific gravity than 2«8. The pendulum 
observations are calculated according to Bouguer, on the assumption that 
the general den.sity of the rocks is 2*8, which is cei-tainly too high ; a com- 
parison of these with other results is thus rendered very difficult. 


* S. G. Burrard, Intensi^ aijd Direction of Force of Gravity in India, Phil. Trans., 
vol. 205, A, pp. 289-318, map ; Burrard and H. H. Hayden, Sketch of the Geography 
and Geology of the Himalaya Mountains and Tibet, 4to, Calcutta, 1907, Part II, pp- 
56, maps. 

* I, p. 447 ; Medlicott and Blandford, Manual of the Geology of India, I, p. 52 ; for 
Kaliana, R. D. Oldham, Rec. Qeol. Surv. India, 1889, KXII, pp. 51-56. 
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The results obtained by Burrard and Lenox Coi\yngbam’ may be 
, Bummcd up as follows. 

Across the peninsula the deflexions of the plummet are variable but not 
considerable ; of greater extent are the variations of gravity as determined 
by the pendulum. Towards the north border, that is 120 to 200 kilometers 
to the south of the foot of the Himalaya, an excess of mass gradually sets 
in, so that at Kisnapur, for example, the height above the sea-level would 
have to be increasecl from 35 meters to 339 meters in order to accord with 
the requirements of the pendulum; in other words, the pendulum shows 
an excess of 304 meters in height with the density of 2*8. This has led 
Burrard to suppose that to the visible Himalaya is opposed a second, 
parallel and invisible range. Starting from this border or invisible range, 
with its hypothetical great weight, the value of gravity gradually decreases 
in 11 (foredeep) ; the plummet, however, remains turned to the south, 
i.e. the attraction of the peninsula is still greater than that of the Himalaya. 
Then the soutliern attractions of the peninsula encounter the northern 
attractions of the Himalaya, and they partially compensate each other. 
This explains the exceptionally small deflexion of the plummet in Kali^na, 
on which Pratt's compensation theory is based. It amounts, in place of 
tln.^ theoretical attraction of the Himalaya, to only 5 or 6" N., while 
88 kilometers further nortri, in Delira Dun (Sewalik zone) it is as much 
as 37'^ N. Nevertheless the pendulum shows a considerable decrease of 
gravity at this place. In general, a large deficiency may be observed in 
the northern part of the trough ; Pathankol in the foothills would be 
converted, according to the pendulum, from a height of 331 meters into 
a depression of — 1,208 meters. The turning of the plummet towards the 
north takes ])lace with remarkable sharpness (Kurseong 50", Tonglu 42", 
and other places all belonging to the outer Him&laya). Here lies the 
maximum of tlie northern <feflexion.s ; it is true that they are known as 
far as 80 kilometers to the north of the foothills, but they diminisli 
in comparison to the mountain Ixirder (most remote point Kidarkanta, 
3,813 meters, deflexion 27" N.). The fact that the deflexions of the plumb- 
line are greatest on the mountain border is explained by Burrard on the 
hypothesis that, as we proceed into the mountains the region passed over 
exerts a compensating action on the plummet. 

Tlie measurements which have been made in the high mountains with 
8terneck\s apparatus are still few in number; they have, in general, 
e^msiderably reduced l)ut not destroyed Basevi's negative values. Mor^ 
'vas not reached; according to the earlier deterrfii nations and Bouguer's 
formula, its height (4,696 meters) should give a deficiency of 4,484 meters. 
We have already observed that Clarke by simplifying Bouguer's formula has 
caused this deficiency to disappear. The fact tliat on the other side o| 
Mord the plummet is deflecte<l also towards the, north led Burrard also to 
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doubt tlie accurq<;y of the figures obtained by the pendulum for this 
station and the next higher station of Mussooree (2,109 meters, deficiency 
1,833 meters). No other pendulum measurements have as yet been made 
in these high mountains. 

Burrard also thinks that the general deflexion of the plummet towards 
the south in II (foredeep) is caused by a decrease in mass beneath the plain 
rather than beneath the mountains. In fact, all the figures determined by 
the plummet may be explained on the assumption that tlie foredeep is filled 
with sediment of a less density, beneath which the ancient rocks of the 
foreland dip from the south, until they arrive in front of tlie steep brow of 
the Himilaya. The boring of the Bohemian granite at Weis, in front of 
the brow of the Alps, led to precisely the same conjecture. It is not 
impovssible that calculations of the subterranean fonn of the foredeep may 
one day be made, similar to those which Eotvos has attempted to make 
from the data obtained with his torsion balance near Arad K 

A boring at Lucknow, sunk for about 300 meters below the sea-level, 
did not reach the base of the recent sediments. It is even possible that 
the question may one day be raised whether the problematic SS watch of no 
ground \ a pit 400 to 600 meters deep, in the delta of the Ganges, may not 
be one of the last traces of this foredeep, bent round in the clirection of 
Burmah. 

In the Himalaya, therefore, while the deflexions of the plumb-line may 
be brought into tolerable accord with the structure, doubts exist as to the 
interpretation of the pendulum measurements. The geologist, who finds it 
hard to understand a deficiency in the high mountains, finds it no less hard 
to understand an excess, and an invisible range in the plain It is to be 
expected that the method indicated by Clarke in explanation of Mord will 
also lead to the explanation of other difiiculties. 

The existing state of ol>servation does not justify us, in the face of so 
many contradictory facts, in regarding the existence of deficiencies of mass 
beneath the mountains as proved. It would l>e inconsistent with all 
geological oteervations. 

Gompemation of the contiThenU. In addition to the question of the 
compensation of mountains we are confronted with the far more important 
question whether, m Pratt maintained, the continents are held in a position 
of equilibrium by heavier masses beneath the sea ; an<l we are called upon 
to solve a second (jnestion, whether, as Dutton believed, the sinking of the 
sea-basins caused the elevation of the continents, 

r 

* Baron R. Edtv^s, Be&timmun^ der Gradienten der Schwerkraft und ibrer Niveauflacbe 
mit Hiilfe der Drehwage, Verb. XV. Conf. d. allgem. Erdmessung (1906), 4io, 1908. 1# 
pp. 387“395, in particular p. 388, and fig, 8, p, 366. 

* * Doubts of another kind are expressed as to its existence by O. Fisher, Phil. Mag., 
1904,6th ser., VII, pp. 14-25; the other hand Burred, ibid., pp. 292-294. 
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Here we may cite three examples; one of them is based on the 
hypothesis of a distinguished geologist, a second depends on deflexions 
of the plummet, and a tliird is founded on observations made with the 
pendulum. 

Bailey Willis, who possesses a detailed knowledge of the Appalachians, 
has travelled through the eastern part of Asia, and has attempted to apply 
the isostatic theory to that continent. It is true that in doing so he has 
given this theory a new form. He takes it for granted that heavier rocks 
lie beneath the Ocean than beneath the continent. The two kinds of rocks 
meet in contact. The continued pressure of the heavier part overcomes 
the rigidity. A zone in which a slight flow takes place from tlie heavier 
towards the less heavy, that is from the sea towards the continent is 
established. We might, for example, assume that the action at the surface 
is zero, that it increases in a downward direction, and at a depth of 100 
miles (160 kilometers) is again zero, since the basement is rigid. Asia 
would thus have been formed by pressure proceeding from the Indian and 
Pacific Oceans and directed towards the Baikal vextex. It was a submarine 
extension (oceanic spread), constantly in progress, but manifested spas* 
medically, which compressed the lighter rocks, and Asia was therefore 
formed, not by overthrusting, but by undeHhrustiny. 

This hypothesis — for so it is termed by its ingenious author himself — 
has this advantage, that it does not presuppose the existence of cavities 
beneath the mountains. If we attempt to apply it to the overturned, outer 
marginal folds, we find that the convex form of the arcs is opposed to it, 
and it is difficult to vsee how the other main features of the structure, such 
as the overthrusting of the Tibetan segments, directed towards the south, 
the linking, the virgation of Thian-shan, and the advance of the Bonin 
islands towards the middle of the Ocean can be reconciled with an under- 
thrusting which would extend to lake Baikal b 

The plwni'inet forms the basis of the extensive surveys which have l>ecn 
made by Tittman and Hayford across the whole breadth of the United 
States, and through more than 31 degrees of latitude. An attempt to 
represent the geoid in e(iui potential curves by means of these observations 
shows a parallel slope along the Atlantic coast from lat. 45” to 47” N. ; the 
Adirondacks and AlJeghanies are fairly well marked : the deepest place 
lies in the eastern part of the Oberen lake, which descends here 100 meters 
beneath the sea-level. Thus with one problematic exception in the south — 
where, throughout Alabama, an ascent of the geoid surface occui’s in the 
direction of Mobile — we see that the geoid surface is dependent on the form 


‘ B. Willis, Research in China, 4to, 1907, pp. 115-133 ; similar views are expressed in 
liis Theory of Continental Structure applied to North America, Bull. Am. Geol. So«., 
1007, XVIII, pp. 380-412. 



HYPOTHESES 


616 


[part V 


of the earth 8 surface, or is, as it were, a generalized or modified image of 
the relief of the land \ 

This result is instructive and admirable in itself, but it is hard to 
follow the report beyond the limits of these data. The foregoing data led 
to the conclusion that it was necessary to use as large a radius as possible 
for comparison at each station. Radii were finally employed of as much 
iis 4,126 kilometers, so that a station in the extreme east included in its 
radius the Pacific coast, and vice verm. As a natural result, an increasingly 
large number of mean estimates was found necessary, in particular as 
regards the sea *'*. 

In spite of the difficulties involved in this method, its autliors believed 
that they were in a position to assert positively that the United States do 
not maintain their height above the sea owing to the rigidity of the earth, 
but that thej^ are ‘ buoyed up ’ or ‘ floated ’ owing to their lesser density. If 
the isostatic compensation is uniform, it must be ellected within 114 kilo- 
meters, or certainly between 80 and 160 kilometers. 

ThCvSc statements have led Chamberlin to observe that compensation 
may also occur in a body with the rigidity of granite or steel. A viscous 
foundation is not necessary. Such a foundation would bring about some- 
thing like perpetual movement, and its state would render it incapable of 
accumulating the lateral strcvsses, and then of resolving tliem, a process 
which the tectonic movements lead us to assume. Rigidity and isostatic 
compensation are not, therefore, to be regarded as completely opposed \ 

We now proceed to observations made wdth the pendidvm. 

In the neighbourhood of the coasts positive results are obtained almost 
everywhere. An isolated positive result, observed in Wjishington, has been 
mentioned above. The numerous pendulum observations which have l)een 
carried out by the Austro-Hungarian navy on remote coasts and islands, the 
large numl)er of ol>servations made by the German navy from Cameroon 
to Cape Town, and many other investigations have confirmed this fact. 
Helmert estimates the excess of the coast stations over the interior at 
-f- 0*036 cm.* 


* 0, H. Tittman, Report on Geodetic opemtions in the United States, Verb. XTV.Conf. 
d. allgem. Erdmessung (1903), 1904, I, pp. 182-212, omp ; Tittman and J. F. Hayford, 
op. cit., XV, Conf. (1906) 1908, I, pp. 192-2.35, map. 

® The mean depth in fathoms was multiplied by 3*69 (1*03 for water + 2*06 for the ineiin 
density of the rocks), and the result given as a negative height in feet. This process was 
continued down to depths of almost 3,000 fathoms. 

^ Chamberlin, .Toum. Geol., 1907, XV, pp. 73-78 ; Hayford, tom. cit., pp. 79-81, 
conforms in all essential points with Chamberlin's views. 

* Relative Schwerebestimmungen durch Pendelbeobachtungen, ausgefuhrt durch die 
k. undk. Kriegsmarine, 1892-1894, herausgegeben vom Reichskriegsministerium, Marine- 
section, 8vo, Wien, 1895, 630 pp., maps ; M, Loesch, Bestimmung der Intensitilt der 
Jk^bwerkraft aiif 20 Stationen der westafricanischen Kilete von Rio del Rey (Kamernn- 
Gebiet) bis Kapstadt, 4to, Reich^marineamt, Berlin, 50*pp., map. For the theoretical 
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Tlie diversity of the coasts which have been taken into consideration is 
alone sufficient to remove any suspicion that this excess can be based on 
the nature of the rock, and it became a matter of importance to discover 
some method of making gravity measurements in the open sea. This 
difficult problem was solved in a brilliant manner by O. Hecker, who 
devised a method based on the comparison of the readings of the boiling- 
point thermometer and the mercury barometer. As a result we are told 
that it may bo regarded as proved that the lesser density oi the waters of 
the Oceans is compensated by the greater density of the sea bottom. On 
the other hand the continental protuberances rising above the sea-level are 
not really accumulations of mass in the earth's crust, but the apparent 
excess of mass is counterbalanced by a defect beneath the continents b 

For a closer consideration of the results we must first omit the measure- 
ments made in tlie coast regions ; we will disregard all measurements 
above — 200 meters. Then, so far as a conclusion can l)e drawn from 
observations along isolated lines, the following results present themselves 
to the geologist. 

With a trifling exception in the south-east of Australia, positive values 
are ol>tained for tlie whole region of the Red sea and of the Indian Ocean, 
as well as across the nortliern part of New Zealand as far as the Tonga 
plateau ; on the', latter, at A level of 2,700 meters, a very high positive value 
was obtained, while the Tonga foredeep, down to a depth of 8,500 meters, gave 
considerabh? negative figures. This region from Suez to Tonga separates 
two areas, distinguished by a much greater diversity, namely, the Mediter- 
ranean and the Atlantic (.)cean on one side, and the large remaining part of 
the Pacific Ocean on the other. 

As opposed to the Indian region, the Mediterranean, according to eiglit 
measurements made down to —3,500 meters, furnished only negative 
values. 

In so far as wc may make preliminary generalizations at all from these 
determinations, the lines measured in the Atlantic and Pacific Oceans sliow 
concordantly, first a broad positive belt surrounding the continents, then 
a neutral or negative zone, and within this a closed, positive region. The 
latter is connected with two of the heaviest places known anywhere on the 


side of the question, 0. E. Schidtz, Ueber die Schwerkraft auf dem Meere liings dein 
Abfall der Kontinente gogeii die Tiefe, 8krift. Vedensk. Selsk. Chrivstiania (1907), 1908, 


no 6, 28 pp. ^ 

* 0. Hecker, Bestiinmung der Scbwerkralt auf dem Atlaiitischen Ocean, \erOn, k. 
preuss. geodiit. Inst. Berlin, 1903, new ser., no. 11, 137 |)p., map; and Bestimmung der 
Schwerkraft auf dem Indischen und Grossen Ocean, op. cit., 1908, new ser., no. 12, 
233 pp., maps, in particular p. 213. In the case of the data given in this work, it is 
a jiity that the extremely exiu*t observations on gravity arc not accompanied by sound- 
ings ; the depths have been taken from the English Admiralty max) Mqjiaco 


map. 
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earth. In the Atlantic Ocean it is marked by the Island of St. Paul 
(lat. 0® 58' N., lohg, 29® 15' W.), formed of peridotite, the density of which, 
apart from tlie still heavier intercalations of Crofe and olivine, is 3-287 
(IV, p. 563). The povsitivo Pacific region coincides with the mighty basaltic 
accumulation of the Saiulwwh idanuh (Honolulu, lat. 21" 17' N., long. 157" 
30' W.), the mean density of which must be at least 3.^ 

Let us consider the position in greater detail. In the Atlantic Ocean, 
on the lines from Hamburg to Rio, and Rio to Lisbon, Hecker made (57 
measurements at and below --200 metei*s ; of these one gave a zero value, 
29 are positive and 37 negative. The excess of values is negative. Both 
routes lie to the nort-h-west of St. Paul, and the excellence of the observa- 
tions is shown l)y the fact that in both cases (from lat. 1’ 58' S., long. 31" 
23' \V. to lat. 6" 39' N., long. 27® 25' \V., and from lat. S’" 37' N., long. 
29" 47' W. to lat. 10" 54' N., long. 27" 21' W.) the instruments revealed the 
extension of the heavy rocks. The depths descend to — 5,000 meters, and 
the positive maximum was encountered at the higliest point crossed on the 
etpiatorial ridge, at — 2,000 meters, about 140 kilometers from St. Paul. 
This interval includes 10 of the 29 positive Atlantic measurements, so that 
a considerable negative value remains over lor all the rest of the Ocean. 
But even in this remaining part we observe two high positive measure- 
ments, a<ijacent to one another, near lat. 35" N., Jong. 12" VV. ( — 3,500 and . 
— 3,600 metei’s), between the submarine heights which run from Madeira 
towards (Gettysburg and which may be regarded with great prol)ability as 
\'olcanic. 

The conclusion is that heamj rocks are certainly present beneath the 
Atlantic Ocean., but that they [yroljahly forrch a locally restricted feature in. 
a region chiefly negative.. 

The Sandwich islands have been previously described (IV, p, 322) as 
a series of islands extending almost from long. 180" to 155" ; in the 

west-north-west they are small, low, and extremely steep, and covered with 
limestone; tow^ards the east-south-east they reveal in increasing extent 
the volcanic foundation. The volcanic activity becomes displaced towards the 
east-south-east ; the gigantic Mauna Loa lies near the extremity of the series 
in lat. 19° 30' N., long. 155^ 28' W, Since Hecker travelled not very far to 
the north of this island chain and records positive values in lat. 29" 30' N. 
and long. 177" 14' W. we conclude that the heavy rocks of Haw^iii actually 
extend through 10 degrees of latitude and 22 degrees of longitude from 
west-north-west to east-south-east. Hecker also reached the closed 
positive region as early as lat. 12" 19' N., long. 161" 38' W., so that we may 
conjecture that the extension is very great in this direction also. On the 
other hand, towards the north-east, in the direction of San Francisco, no 
such indications are mentioned. The liigh positive values in the neigh- 

1 Dana s;».y8 B-4 ; cf. p. 609, n. 2.* 
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bourhood of Honolulu and Oahu are soon followed *l>y a zoife, beginning 
between lats. 24° and 25° N. and extending to lats.*36* or 87° N., which 
shows 16 negative as against only 3 positive measurements; then we reach 
the positive girdle of California. « 

The negative zone also is clearly marked towards the south-west in the 
direction of Tonga, but less clearly towards the west-north-west in the 
direction of Yokohama, where, in contrast to the foredeep of Tonga, which 
gives high negative values, the Japanese foredeep lies within the positive 
girdle, and on its eastern slope, at levels of -=-6,100 and —6,400 meters, has 
given positive values 

The results obtained in the Paeijw Ocean correspond in. all essential 
'points ^viih those obtained in the Atlantic, 

Hecker’s investigations do not furnish a complete picture of the oceanic 
basement, but they have supplied the first outlines; in their bearing on the 
constitution of our planet they are of the greatest importance, and open up 
a completely new method of exploring that part of it which is concealed by 
the Oceans. 

The following remarks may help us to appreciate the value of his 
conclusions in respect to the riucstion of isostatic compensation. 

Disregarding loose sand and pebbles, tlie densities of the various rocks 
of the earth’s crust var^* from 1*2 or 1*5 (coal) to 3*3, a figure very rarely 
exceeded except in the case of metallic ores. The mean density of the 
gneiss of Pikes Peak, as obtained from twelve specimens l)y Whitman 
Cross and Gilbert, is 2*615, and the density of the massive rocks which 
come into question in considering the high mountains seldom lies below 2*3 
or above 2*85. These narrow limits show how difficult it is to admit that 
deficiency or excess can compensate each other within the vseries of rocks 
known to us. 

Only the heaviest Sima eruptive rocks exceed these limits, and here the 
highly fiuid basaltic rocks with a density of aliout 3 have a particular 
significance. In those parts of the sea bottom where few- sediments are 
formed, lava may rest upon lava. Since no erosion occurs, the tablelands 
are not interrupted by valleys, and the action upon the pendulum or 
barometer is direct. 

On the mainland, bare tablelands of basalt may easily be undermined ; 
their remains are carried into the sea. The tableland of the Deccan trap 
(basalt), which once extended through almost 10 degrees of latitude and 
16 degrees of longitude, covering the Indian peninsula over scarcely less 
than 800,000 square kilometers, would still Jbe preserved in its entire extent 
if it had overflowed the sea bottom. On dry land it has been broken up 

' Mr 57', 149» 55', and 34^ 5G', 148’ 27' ; accoi-ding to the Japanese isobaths of 1«99 it 
should be —6,603 and — 7,ld0 meters. 
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into isolated patclie.^. The western part, which is still continuous, was 
spread out over a continent, levelling up mountain and valley, and it 
contains intex'calations of freshwater beds, but near R&j4mahendri, on the 
lower GodSveri, an isolated patch occurs 336 kilometers from the margin 
of the main mass as it now exists, and contains intercalated brackish water 
beds, which show that at this place the lava Hows reached the coast. Thus 
the fall of the land was directed towards the east, as at present, and the frag- 
ments worn away from the tablelands were carried into the bay of Bengal. 
This is a ease in which the mean density of the submarine rocks is increased 
by transported material, since trap is heavier than gneiss. 

The great basalt plateaux of the substructure of Iceland have not been 
raised out of the sea, as is shown by the intercalated plant-bearing beds ; 
the downthrown continuations of the horst occupy, however, a large sub- 
marine area. In addition, there are not only the Sandwich islands and 
St. Paul, but also the l)asalt plateaux of Kerguelen and numerous other 
islands. We are reminded of the dark lavas of the lunar seas, which 
likewise do not invariably reach the border of the sea. 

Thus it would not l)e surprising if Hecker's meavSiirements had given 
a still greater and more uniform submarine density. But it is a long way 
from this to the proof of a deficiency beneath the continents or of an active 
compensation, i. e. to a deforming tectonic influt^lice exerted on the con- 
tinents and the mountains by the sea, such as is presupposed by the 
isostatic theory of Dutton and his successors : whether the influence is 
exerted tlirougli a viscous medium, or acts upon a rigid body in Chamber- 
lin’s sense, is of little importance in this connexion. It is true that some 
examples of passive injection produced by subsidence have been recorded ; 
thus Salomon thought that the igneous magma of tlie Adamello had been 
extruded by the subsidence of the plain of Lombardy. In tliese cases, 
however, we are always dealing with molten magmas and secondary 
phenomena of the great mountain-forming process. When this process is 
contemplated as a wJiole, all suppositions of this kind prove inadequate. 

Heckers largest positive region, the centre of which is the Indian 
Ocean, belongs chiefly to the Atlantic hemisphere. The correspondence 
of great parts of the coast in the east and west of the Atlantic, as well as 
the continuation of the Cameroon line into the sea, show that considerable 
piilrts of the sea l)ottorn resemble on the whole the neighbouring continents, 
possibly wdth the addition of volcanic flows. 

In regard to tlie Indian Ocean in particular, we can apeak with greater 
certainty. * « 

Towards the end of his active life, I had the pleasure of a conversation 
with Ludwig Griesbich, the distinguished Director of the Indian Survey, 
on t|ie subject of the Indian peninsula. There is no doubt, he said, that it 
is simply a fragment. It might at most be cc^npared with the north- 
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western segment of a much gi*eater circle, namely, with the jiiost recent 
rocks situated towards the north-west, but even those are probably pre- 
Cambrian. We have described South Africa and India as a broken-up 
continent (I, p. 387). One of the chief arguments we then adduced in 
support of this view rested on the horizontal superposition, in both 
countries, of the Gondwfina beds containing Glossopteris upon much older 
rocks. Since then the same relations have been discovered in Madagascar 
At the time of the Glossopteris flora, Gondwana land was a continuous 
continent. Then it broke down, sometimes along extensive rectilinear 
fractures, into fragments. The concordant results of the work of English 
investigators in Cutch and Kattyawar, of Bonihardt in German East 
Africa, and Lemoino in Madagascar, show that the marine Lias in 
Madagascar is the first indication of the presence of the sea. Then the 
great transgression of the lower Oolites coming from the extreme north 
reaches Franz- Josef Land, extends across parts of European Russia, 
Bokhara, and Baluchistan to lat. 22° N. on the vrest coast of the peninsula, 
also along the west coast of Madagascar to about lat. 23° S., and along the 
east coast of Africa, according to observations liitherto made, as far as 
lat. 10° S. The upper Cretaceous transgression everywhere extends further 
towards the south, and penetrates between Madagascar and India The 
west coast of the penii)^ula is formed, through 4 degrees of latitude, by 
the Deccan trap. It is not, as we have seen, raised out of the sea, but its 
western continuation is downthrown. 

The east coast of Madagascar is also a fracture. Depths of 5,349 meters 
have been sounded in its neighbourhood. Towards the north the sea 
bottom shows traces of chloritic scliist with sericite ; Reunion and Mauritius 
contain volcanic rocks, chiefly basaltic 

There is every reason to suppose that the nature of the basement of 
the Indian Ocean resembles that of the surrounding continents. A greater 
value for gravity would point to a wider submarine distribution of the 
Deccan trap, further to the south, for example, in continuation with the Imsalts 
of Crozet, Kerguelen, Heard island, and elsewhere, but there is nothing to 
indicate an influence exerted laterally on the continent or the high 
mountains of Asia by lava-flows of this kind. 

Similar data concerning the sea bottonj are difficult to obtain in the 
Pacific hemisphere owing to folding, but the mere fact that folding is present 
in the New Hebrides and overthrusting in New Caledonia, and that 
arcuate cordilleras advance far into the Ocean, is opposed to the hypothesis 

' M. Boule, C. R. Acad. Sci. Paris, 2 mars 1908. t 

* A little map of the transgressions is given by teinoine, Madagiiscav, p. 466. Kitchin 
has given an excellent account of the difficulties which still exist in the ctise of the lower 
Cretaceous ; Invertebi-ate Fauna and Palaeontological Relation of the Uitenhage Series, 
Ann. S. African Mas., 1908, VII, p. 21, p. 250, in particular pp. 51-60. 

^ J. Thoulot, C, R. Acad. gci. Paris, 18 fevr. 1907, 
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of an isostatic compensation dieting from the sea outwards. Such a com- 
pensation should firso of all close up the foredeeps, but it is just the deepest 
measurements in one of the foredeeps (Tonga) that have furnished Hecker 
with negative values. 

The investigations inspired by the compensation theory have thus 
furnished much fresh information, particularly as regards the supposed 
nature of the sea bottom, but so far no new light has been thrown on the 
development of the face of the earth. Many conceptions might perhaps 
have received less support if it had been possible in practice to avoid 
making sections on a distorteil scale, if comparison of the continents with 
vertically descending blocks had not been so generally made as to exceed 
all nuxleration, and if tlie fact had constantly been borne in mind that more 
than one half of the planetary surface lies about 3,000 meters deep beneath 
the sea, wliile altogether only 0*06 parts rise more tlian 1,000 meters 
above it. 

Contraction of the eartf/s hody^. In this work we have taken as our 
starting-point the conception that dislocations are the result of movements 
produced by a diminution in the volume of the planet (I, p. 107). These 
movements we have divided into ra<lial (sinking) and tangential (thrusting 
and folding) movements, according to the manner in which the stresses are 
resolved. The theories of l5lie de Beaumont \ 5 ^ere also based on the 
contraction of the planet, and he believed tliat folded ranges were produced 
as it were in a vice, two powerful masses moving one against the other. 
In opposition to this view it is assumed in this work that a general, 
unilateral, but not equable movement occurs. This gives rise to the contrast 
between the foreland and backland, which led to the idea that the foreland 
w overtaken hy the foldlwj. This earliest conception owed its origin to the 
approximate correspondence in strike of the Alpine and the Variscan 
trend-lines 

A consideration of the forelands revealed wdth increasing clearness the 
unilateral structure of the folded ranges. Instances became known in 
which the foreland exhibited a strike so completely divergent that a 
common movement was out of the question. In the Caledonides it seemed 
possible that the older conception of filie de Beaumont's might hold good, 
but on their southern border their direction is cut through by that of the 

* We may mention as one of the most decided champions of this theory in Germany 
Bergrath von Diicker, who, basing his position on the works of Favre and 6. de Beaumont, 
contended against the theory of ele\*ation in favour at his time, in a number of essays 
which appeared in the ‘Berggeist’ of Cologne from 1861 to 1866, also in addresses 
delivered before the Naturalists’ AssoAation at Giessen in 1864, at Hanover in 1865, and 
at Baden-Baden in 1879. ‘The cause,’ he said in 1864, ‘lies in the wrinkling of the 
earth’s crust due to the shrinkage of the whole earth.’ A similar opinion is expressed 
by Runge in Roomer, Geologic von Ober-Schlesien, 8vo, 1870, j). 460. 

® Alizeig. k. Akad. Wiss. Wien, 17. Juli 1873, pp. 130-131.^, 
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Armorican folds. On the upper Hoangho the mole of North China is an 
obstructing foreland, as is shown by the overfolding of tlie Alashan range. 
At the same time it forms in the east a backland for the folded ranges of 
Shan-si. Here existing accounts point to a universal, common movement 
over a considerable part of Asia. The tortuous trend-lines of tfie Alpides 
bear witness to the resistance of the horsts. In the Argentine the foreland, 
which may be recognized by its stratified succession, is involved over 
a considerable breadth in the folding of the Andos. 

Thus the degree of stowing differs in the different cases, but with the 
exception of the first they all point to unilateral movement. 

In the Asiatic system hackfolding has been shown to result from an 
excess in the volume of the upper zones of the earth. In the periphery of 
Asia, it is restricted, so far as is known, to a narrower area than the fore- 
folding, but where the areas become free ends, backfolding predominates, 
as is seen on the one hand in the Rocky mountains, and on the other in 
that part of the Altaides lying outside the horst of Azov. It is true that 
in the Rocky mountains the peculiar oblique division into coulisses occurs 
in addition, and outside the horst of Azov the normal forefolding is not 
visible at all; only the continuity of the system as a whole justifies 
a description of its vstructure as backfolding. 

The objection has heeji raised tJuit the ammnt of the siihsidenees does 
not correspond vyitii that of the taagentml movenunts. Estimating the 
mean depth of the existing sejis at 4,000 meters, and their extension at 
three-quarters of the planetary surface, the sum total of the subsidence, 
that is, of the diminution of the radius, would amount to 3,000 meters. 
This would correspon<l to a diminution in the circumference of about 
19 kilometers only, which is not nearly as great as the amount ascertained 
by observations. This objection neglects the fact that it is not alone the 
localized sea basins which bear witness to the contraction of the planet. 
The forefolding, in particular, attains its greatest importance under tlie 
direct influence of a subsiding foreland. At first only one great example, 
that of the Belgian Faille du Midi, was taken into consideration (I, p. 142). 
When the Caledonides in the West of Scotland and the Alps also were 
compared with the Belgian coalfield, it appeared that in these three cases, 
which represent the greatest mountain structures of Europe, the movement 
took place over obliquely-ascending soles, and the folding thus becomes a 
secondary phenomenon. At the same time tliere is no complete separation 
between the radial and the tangential stresses. 

The resolution of the stresses proceeded uniformly, and occurred on one 
or more surfaces (soles of the first order), which correspond more or less to 
the rcvsultants of the two forms of stress. Great wedge-shaped fragments 
of the earth were transported over the foreland, and the subsidence ivas 
consummated in the range itself and possibly in the foredeep also. The 
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forces musji have fojind expression, however, at such a depth that they led 
to the ascent of rocks in the Alps, and enabled the green rocks in 

the foothills of the north-western part of the Pyrenees and in the Mediter- 
ranean Atlas to force their way into lagoon sediments, and into the Trias 
of Germanic type. 

Among recent high mountain ranges the Alps are at present known in 
the greatest detail. For this reason we may call to mind that it is not only 
their outer border which was overfolded snUseriuently to a part of the 
Tertiary formation. It is true that there are older unconformities and 
ingressions, such as that of the Gosau beds and that of the Eocene of North 
Tyrol, which place beyond doubt the existence of older structures, but at 
the same time a variety of circumstances, such as tlie pinching-in of the 
long Tertiary Flysch zone of the Aiguilles d’Arves to the east of mont 
Pelvoux and mont Blanc, the long syncline of the advwicing Diiiarides 
in the western Tyrol, or the pinching-in of the sediments of the second 
Mediteri'anean stage near Borgo in the val Sugana, as well as many other 
features — all enable us to perceive with certainty that in the Alps, and also 
in the above-mentioned part of the Dinarides, the essential features of the 
existing structure were not produced before the middle of the Tertiary aera. 
On this point all recent observers are in accord. 

It is certain that the contraction which has taken place here is of extra- 
ordinary extent. In the northern Variscan foreland the movement is directed 
towards the north. To the south of this foreland lay a foredeep, and south 
of this again followed the great sheet-like overthrustings likewise directed 
towards the north. The Camic Alps, of equal age with the foreland, were 
also driven towanls the north, and likewise, in spite of their southwards- 
directed folding, the Dinaric series superposed on the Carnic foundation. 
The Dinarides are now wedged in between the Alps and the Apennines, and 
the latter are driven towards the north-east, so that the Dinarides become 
the foreland of the Apennines. It is impossiVjle to say to what distances 
this great rending of the planetary .surface extended towards the south and 
south-west. 

Beneath the high mountains, however, even down to great depths, no 
deficit occurs, such as is required by the tlieory of isostatic compensation ; in 
reality they surmount the previously overthrust zone. 

It was these very investigations on isostatic compensation that led to 
views on the rigidity of the earth which we have now to take into account. 
Lord Kelvin, and after him Sir George H. Darwin, Ijelieved that the 
rigidity should be about th^t of steel. 

So far as our studies are cdricenied it would appear as though it were 
simply a function of the contraction of the planet, and of the pressiue, 
which first manifests its(‘lf at the moment of resolution of pressure. The 
material is probably that which is brought up by intrusions, namely Sima 
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or Sal rock. The melting is produced by juvenile gaseft. It is these also 
which give rise to such batholites as may occur. ’ * 

The question now arises as to what we are to understand by the term 
rigefcuiion, a word frequently employed in this work. We have encpuntered 
its effects in a particular form, as disjunctive lines and fault-troughs, that is 
as rents, which open from the surface downwards. In East Africa their 
rectilinear course shows that uni-directional, mountain-forming stresses are 
absent. The arcuate rents in eastern Asia, on the other band, indicate the 
presence of the uni-directional stresses. The rectilinear course of the Rhine 
valley shows that there the ancient Variscan thrusts were absent in the 
Tertiary epoch, as were the Alpine. This is the more remarkable since the 
Variscan trend-lines do not differ so very much from those ^f the Swiss 
Alps, so that the Alps may be described as posthumous Altaidcs, and in the 
formation of the Alps we may conjecture a renewal of activity after a long 
summation of stresses. The fact that on the Rhino uni-directional mountain- 
forming stresses are absent led us to conclude that this region is rigefied. 
It has not been prove<l that this mode of rigefaction is dependent on a local 
cooling of tlie earth. The Alps occupy an exceptional position as a folding 
within the frame. If a larger number of such cases were known, and it were 
possible to take a general survey of the earth, we should see how the lateral 
stresses are distrilmted in space. That they were once universal is infeiTed 
from the widely extended folding of pre-Cambrian rocks; that they are not 
so at present is evident from the distribution of the folded ranges. In Asia 
this distribution has long been very uniform, as is shown by the corre- 
spondence of vertex and periphery. Here, however, the fact must be 
taken into account that the two free branches of the Asiatic structure, 
the Rocky Mountains and the Altaides wdiich lie outside the horst of Azov, 
were rigefied, the former towards the close of the Cretaceous period, the 
latter after the dislocation of upper Carboniferous. The question has also 
l>cen raised whether the European subsidence may in this case have led to 
the rigefaction, i. e. the conclusion of the stresses. In contrast to the rigefac- 
tion of these ends, mountain -forming movement occurred not only on the 
outer border, but also in the interior of Asia up to a late period ; examples are 
afforded by the folded Jurassic beds on the Biireja, the recent folds beneath 
the plain of north-west Manchuria and on the Amur, the pinched-in synclinc 
of the recent Gobi beds l)etween the Richthofen range and the Tolai-shan in 
the Nan-shan, the overfolded Artush beds at the south foot of the Thianshan> 
the backfoldcd Jurassic Angara beds on the Angara, with other examples 
^^xtending up to the vertical plant-bearing Tertii^ary beds of New Siberia. 

A contrast is presented by Africa^ and the absence of folding might lead 

to seek the place of separation of the moon in the Atlantic region. The 
I'igefaction, however, did not occur in the Sahara until after the upper 
bilurian, nor on the Armorjean line until after the middle Carl)onifcroua, 

80LI.A8 IV , 8 S 
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nor in the Cape incAintains until at*ter the Permian. Here it may be asked 
whether the interifeption caused by the Atlantic subsidence brought about 
the rigefaction of the Appalachians. On these questions the existing state of 
observations throws no light ; we only know that in the Pacific hemisphere 
the case is different. 

Round about the Pacific Ocean, and along the southern marginal arcs of 
Asia to the Adriatic sea, on the other side of the Pole in the United 
States chain, and again far away in the Cape mountains, there makes 
its appearance, notwithstanding the exceptions already mentioned (Elias 
mountains, Burman arc, Urals), such an arrangement of the folded ranges 
that we are led to consider whether, in respect to this great part of the 
earth, we must not admit the action of hodily tides or of the rotcdion, in 
addition to the contraction of the planet, as a possible factor in determining 
the plan of the folded ranges. The possibility of such an influence would 
also modify certain elementary conceptions in tectonics, for whereas it has 
been supposed hitherto that the deeper lying zones of the earth contract 
and carry the upper zones forward, it would now be necessary to take into 
account an action working from above downwards. In the Alps a distinctly 
marked peak-folding is well known. This action would also simplify our 
conception of overthrust sheets, but it is precisely in the Alps that the 
direction does not follow the lines of the tides a^d the rotation. 

The distinction betw’een the Atlantic subsidences and the faredeeps 
stands out very clearly. While the Atlantic and especially the Ewopean 
subsidences lie transversally across the folds, which are interrupted and of 
earlier date, the foredeeps on the other hand are intimately associated vrith 
the folds and follow the same direction. 

Many years ago Middlemiss recognized the foredcep of the Himalaya as 
a zone of subsidence, and believed that forefolding and subsidence went as 
it were hand in hand ^ 

Similar relations may he seen, on a very small scale, on the lx)rder of 
the Jura mountains towards the table- Jura ; there, however, the subsidence 
of the Rhine valley afforded an opportunity for the folding to advance 
(IV, p, 527). We might almost suppose that the foreland had been forced 
down by the advancing range. Other facts, as for instance the position of 
the northern Antilles, support the conclusion that the subsidence was the 
primary phenomenon. 

The coal-bearing zone on the north border of the western Altaides, 
extending from Silesia to Ireland, and on the other side of the Ocean to 

' C. S. Middlemiss, Physicitfl Geology of the Sub-Himalaya of Garwhal and Kumaun ; 
Mem. Geol. Surv, India, 1890, XXIV, pt. 2, 143 pp., maps, in particular p, 138 et seq. 
Similar observations by this distinguished geologist are already to be found in his work, 
On the Structure and Relationship of the South Portion of the Himalaya Ranges between 
t^e Rivers Ganges and Ravee, op. cit., 1864, III, pt. 2, 209 pp., maps ; and in The Alps 
and the Himalaya, a Geological Comparison* Quart. Joum. Geol. Spc., 1867, pp. 34-52. 
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beyond the Mississippi ; the Flysch and Molasse zone m the noirth of the 
Alps, and the Sewiilik zone in the south of the Himalaya are, in the main, 
deposits in foredeeps. In the subsequent history of the foredeep the part 
lying next the mountains was overstepped by them and folded in^ so that 
the Belgian coalfield, for example, comes to lie beneath the older rocks in 
the south as a compressed syncline divided by listric planes. That part 
of the zone, however, which was more remote from the mountains remained, 
as well in the Belgian as in the American coalfields, in the Molasse of 
Switzerland and in the Sewdlik zone, flat, and undisturbed. The foredeeps 
are riot synclines in the tectonic sense of the icordy for one side belongs to 
the foreland, tlie other to the folded mountains. Speaking generally, with 
the exception of bays belonging to rias coasts, no tract of the sea is known 
which has been transformed by lateral pressure into a syncline. The 
manner in which sea biisins arise by the coalescence of subsidences is 
illustrated by the history of the Mediterranean 

Not all folded ranges possess foredeeps ; many flatten out, or form 
parmas, as for instance the Urals and the Appalachians. Nor is it by any 
means an established fact that all folded ranges have ascended from l)elow 
on obliquely inclined soles. It is highly probable that very many of them 
have developed by repeated folding^, or, like the Appalachians in Alabama, 
have allowed the folds to pas:^ in places into thrust planes. The Faille du Midi 
itself belongs rather to the periphery of the Altaides. But all folded ranges, 
impelled by the general struggle for space, have a tendency to enter into tlie 
subsidences, as for instance the alx)ve-mentioned Jurassic folds in the Rhine 
valley, or to overthrust the subsidences, or to throw the subsidences them- 
selves into folds. This is the reason we so frequently encounter a richer 
marine series in the folds than in the foreland, and why compressed sea basins 
liave been so frequently mentioned. At the same time it is remotely 
suggested that secondary suksidences interrupt the progress of the folding, 
but the connexion between cause and effect is not established in this case, 
and the folding of the Rocky Mountains comes to an end without any 
known inbreak or sul)sidence. On the other hand it is not impossible 
that the overridden and subsided foreland sinks beneath the high mountains 
and assists in producing zonal differences, or such flakes as are too large to 
be produced by folding. This is possibly tru(5 for parts of the Alps ; a good 
example seems to be affonled by Hazara K 

^ The lie of the sediments which fill it is possibly synclinal, somewhat as described by 
Haug, Traite de Oeologie, I, 1907, p. 159, fig. 36. This, however, is not the tectonic 
conception of the geosyncUne^ and the geanticline cannot be'^egarded as its opposite ; the 
geanticline was originally conceived by Dana in a difi’erent sense, but to many authors 
both words seemed to presuppose equilibrium and the germ of the isostatic theory. For 
‘tis reason 1 regret that I at first employed the term geosynclinc in this work ; 
^subsequently I avoided it. s 

“ Middlemiss, Hazam, Mem. Gaol. Surv. India, 1896, XXVI, p. 261. 
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The gi\5at significance of the subsidences also becomes apparent in the 
negative movements of the strand. The so-called ‘ epeirogenetic ’ movements, 
which, in addition to tectonic movements, are said to be produced by some 
unknown force, are in my opinion either local phenomena, connected with 
the general structure of the land, as for example in the case of the marine 
upper Tertiary deposits which Diener observed resting upon the broken-up 
fault-plexus of the desert of Palmyra, or they are based upon changes in 
the fonn of the hydrosphere. From the extensive tablelands of lower 
Palaeozoic between the Jenisei and the Lena to the flat-lying patches of 
lower Silurian which are scattered over the Canadian shield, and again to 
the flat-lying Cretaceous platforms of the Sahara and Texas, the upper 
Tertiary belts of the Mediterranean, the recent strand-lines, and the terraced 
islands of the existing Oceans — in all these features we see negative 
processes of such extent that they can only be ascribed to subsidences of 
the sea bottom iind the consequent sinking of the strand-line, a process 
recognized long ago by Strabo. No form of tectonic movement could 
produce the uniform elevation alx)ve the sea of a tract of land so extensive 
as the African desert. 

Of greater diversity and more difficult of explanation are the trans- 
gressions, Apart from tlie uninterrupted positive activity of transported 
sediment, they appear sometimes to stand under a scarcely explicable 
influence, produced by rotation ; at others we are tempted to ask whether 
some great tectonic change, the gradual folding up of a range or a new 
subsidence, may not have influenced the centre of gravity of the earth, in 
consequence of which compensation has occurred through a change in the 
form of the hydrosphere in accordance with Clairaut's principle. 

This is by no means the only phenomenon the solution of which must 
be left to the future. The deeper reason for the difference between the 
Pacific and Atlantic hemispheres is not known ; for the present we can only 
record the facts. The intercalation of the apparently loosened zone of the 
American Intermediate mountains with the Basin ranges, and also with the 
South American Andes, is not explained in a perfectly satisfactory manner, 
and the position of the depression along the west coast of South America is 
not in accord with the general arrangement of the deeps. Our knowledge 
of Timor and the islands lying off it is not sufficiently far advanced to 
permit us to form an opinion on the relations of Australia to Gondwina 
land. The two-sided structure of the Caledonides, as it is represented 
in existing accounts, is difficult to bring into accord with other ol>servations 
on mountain structure. * The nature of Karpinsky's lines is unknown. 
A number of doubts and questions remain unanswered in this incomplete 
attempt to obtain a general conception of the face of the earth ; they hang 
from it like the loose threads of an unfinished texture. 

* Summat^. From the summits of the Tyiern we look towards the 
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south, where the white peaks of the Dolomites rise from the haze of early 
dawn. The eye feasts on the alternating splendour of snowlield, rock, and 
forest, and follows the play of the white mists which rise from the Puster- 
thal and the valley of the Rienz. It is not without reluctanco that the 
traveller turns from the charms of the landscape. 

The outer walls of an ancient temple are covered over with sculpture, 
and in the midst of the skilful carving gape the joints of the masonry, 
widened by the hand of time ; so we, through the midst of this noble scene, 
draw the dividing planes. The Tauem themselves become a window, and 
the dark heights, which separate them from the Dolomites, become the 
border of a sheet, the continuation of which lies far to the north, on 
the other side of the Taueiii ; we separate the I^olomites completely from 
the Alps, and assign them to the Dinarides, which approach from Dalmatia. 
We separate the eastern from the western Pdmir, the east Sayan from the west 
Sayan, and the horst of the Gobi- Altai from the folded range of the Russian 
Altai ; and we unite the Sudetes with the Harz, Brittany with Cornwall, with 
Newfoundland and the Appalachians, and the Antilles with the Andes. 

Thus unexpected unities have taken form, and now, once more, as at the 
beginning of tliis work, we will suppose the earth to rotate beneath our eyes. — 

Let us place in the middle of the picture the meridian of 105® E., and 
bound it by the rneridiansiof ISC' E. and 80° E. 

A great part of the Asiatic wsystem is visible. In the north-east lie the 
New Siberian islands with beds folded towards the north-east. Tertiary 
leaf-bearing beds emerge steeply upturned. The delta of the Lena lies in 
the folded Mesozoic offshoots of the arc of Verkhoiansk. Then we perceive 
the northern part of the broad and ancient Angara land. Cambrian beds 
lie horizontal ; they are exposed for a great distance along the Lena. On 
the Chatanga gneiss makes its appearance from beneath them. This ancient 
land extends on the south to the amphitheatre of Irkutsk, where it is 
bounded by the horseshoe- shaped, backfolded border of the ancient Baikal 
vertex. In this interval posthumous horseslioe-shaped folds are seen, 
formed of plant-bearing beds of Jurassic age. Its south-eastern boundary 
lies a little to the west of the western margin of lake Baikal ; tlie south- 
western boundary is formed by the Sayan. 

This horseshoe-shaped or arcuate vertex is the innermost and oldest 
part of a structure formed of many similar arcs, which are convex towards 
the exterior, and frequently cut through by more or less continuous dis- 
junctive lines. A second vertex, probably of Devonian age, is to be seen 
near Minuzinsk, a still more recent vertex, cqnslfructed later as part of the 
Carboniferous, on the Altai. Towards the east arcuate trend-lines succeed 
one another as far as the Pacific Ocean, from the Anadyrides to the 
Philippines, and in the south they form the marginal arcs as far as the 
Dinarides. On tlje disjunctive lines stand the volcanos, and in those places 
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where the* cordilleras are submerged, volcanos reveal the trend-lines of their 
arcs as far as tlie Bonin islands and the Marianne group. 

As we look towards the periphery we see the gradual completion of the 
marine series, and from the Okhotides to the Dinaridcs the folding seems to 
extend throughout the whole region into the middle Tertiary or even 
later times. 

This uniform structure is interrupted by two long, free branches, which 
stretch far beyond the periphery. They proceed from the south of the 
Altai and are therefore termed the Altaides. The etistern Altaides form 
the Burman arc. The western Altaides strike in a straight line to the west- 
north- w’'est across the northern border of the Pamir and the Iranian-Tauric 
syntaxis, and finally reach the Caucasus, where they enter Europe. 

Turning our glance towards the south-east we see in Australia a land 
which seems to occupy, within the arc of the Oceanides, a position similar 
to that of Angara land within the arcs of Asia. Australia is continued to 
the south through Auckland and other countries towards the Antarctis. 

The Asiatic system, if we disregard the advance of the Altaides, has 
added arc to arc with the greatest regularity since pre-Cambrian times, 
and has been completing itself on the old plan up to a recent period ; and 
Australia with the Oceanides is possibly a repetition of this plan ; now, 
however, as we look towards the south-west, we perceive a different and 
divergent structure — the Indian peninsula. 

Here there is no approach to an arcuate arrangement, and recent folding 
and the Mesozoic and Tertiary series are only represented in a fragmentary 
manner. It is true that ancient sediments of various kinds are folded, but 
they have never yet furnished any organic remains. We only perceive 
that the direction of these folds is foreign to the Asiatic structure, and 
that the peninsula is a fragment bounded by fractures on all sides. 

This is the alien foreland, against which the Burman arc, the Himalaya, 
and the Iranides are stowed. — 

The planet has now continued on its journey for six hours, so that we 
are facing the interval between 40"^ E. and 10" W., and the meridian of 15*" E. 
runs through the middle. 

This interval comprises Europe and almost the whole of Africa. 

In Spitzbergen a trace of the pre-Devonian Caledonides protrudes from 
the flat-lying Mesozoic sediments which, as a part of the circumpolar trans- 
gressions, form both Franz Josef land and the surrounding islands, together 
with Bear island. 

Jan Mayen and Icelsfad^are of recent volcanic origin. In the most 
northerly part of Scandinavia an outrunner of the Uralides makes its 
appearance crossing over from Swatoi Noss. Then we come to the sub- 
m.eridional Caledonides, which include the whole of the west of the 
Scandinavian peninsula, the Orkneys and Shetlands, Ireland down ^ to 
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the lower course of the Shannon, Wales with the exception of its^outermost 
southern border, Scotland with the exception of its outermost western 
lx)rder, and England nearly as far as the Mendips. 

. The Caledonides divide the Bothnian shield (which we assign^ together 
with the Uralides, to the Asiatic structure) from a gneiss region of no very 
great extent, and chiefly represented by the western Hebrides, whicli is 
assigned, although with some reserve, to Laurentia. 

Here, on the line from the Shannon to the Mendips, which finds its 
continuation in the north border of the Belgian coalfield, we observe another 
order of things. 

From the extreme north down to this line there is no folding which is 
later than parts of the Devonian. From this line onwards younger folds 
occur; in place of the submeridional Caledonides a more east and west 
direction makes its appearance. This is the region of the western Altaides 
which crowd in from Asia. With a direction to west-north- west they strike 
across the Caspian sea as branches of the Thian-shan. A rather weak, nor- 
thern branch dies away in the coalfield on the Donetz ; a much stronger 
branch extends from the Caucasus to the southern side of the horst of Azov. 

From this point onwards the folding turns to the north, abandoning the 
southerly folding of the Asiatic arcs which has prevailed hitherto, and at 
the same time the Dinaridos, one of the marginal arcs of Asia, makes its 
entrance. It is very l»road, occupie.s the interval as far as Cyprus, Crete, 
and the Adriatic sea, forces its way between the Alps and the Apennines, and 
retiiins, in contrast to the Altaides, the Asiatic folding directed to the south. 

The Altaides broaden out, push forth new branches, and thus at last 
occupy all the south of Europe, and surround as well the western Medi- 
terranean, Their southern boundary forms the south of the Great Atlas, 
then of the Mediterranean Atlas and the zone of encounter with the Dinarides. 

In this area assigned to the Altaides, ranges, however, arise, which are 
of different ages. 

The western Altaide.s, in the narrower sense, comprise the Variscan and 
the Armorican arc, the Montague Noire, Corsardinia, the greater part of the 
Iberian peninsula, as far as the Guadalquivir and the Great Atlas, and 
finally the Camic Alps, which emerge between the Alps and the Dinarides. 
Their folding had terminated before the close of the Carboniferous, and at 
the time of the Permian they may be regarded, except for some quite 
insignificant undulations, as having already passed into a state of rigidity. 

Then the chains become broken up into horsts by a number of sub- 
sidences, which recall to some extent the limited sul)sidences of the 
Mediterranean ; and out of these subsidences, that is, out of the very heart 
of tlie rigid Altaides, and to a large extent bounded by their horsts, rises 
a new structure, that of the posthumous Altaides. 

Tliesc fall, according tq the subsidences, into separate groups. Of thbse 
hy far the largest is that formed by the Xlpides, extending from the 



632 RETROSPECT [part v 

Balkans, through che Carpathians, the Alps, the Apennines, the Medi- 
terranean Atla«, hnd the Betic Cordillera to Majorca. This group is 
folded, like the Altaides, to the north ; frequently diverted by the horsts ; 
forced, in the Mediterranean Atlas, to assume folding to the south, and in 
no small part built up as late as the Tertiary aera. 

A rather more independent position is occupied by the Provencal folds, 
which iire continued into the outer border of the Pyrenees and through 
these into the Cantabrian range. 

Independent but gentler posthumous folding is presented by the 
London and Paris basins and a subsidence of western Portugal. 

A characteristic rias-coast marks, in the south-west of Ireland and in 
Brittany, the foundering of the Armoricaii arc. From this point nearly 
to the Wady Draa the Atlantic coast belongs to the Altaides. 

In addition the following elements must be taken into account: the 
Cimmerian mountains, that is, the remains of a folded range of Mesozoic 
age, which forms the Crimea and Dobrudsha, embraces the mouths of the 
Danube, and disappears beneath the strongly projecting arc of the Car- 
pathians — further, the range of Sandomir in Poland, already faulted down 
in front of the border of the Carpathians, which has been regarded in this 
work as a foot range of the Sudetcs, but may possibly prove to be an 
arching up of the Russian foreland produced hy the Sudetes — finally the 
Bohemian mass, a fragment of a very ancient range, making its appearance 
within the Variscan arc, and deflecting the range of the Alpides. 

We observe the rigefaction of the Altaides before tlie time of the 
uppermost Carboniferous, and the renewal and persistence of the folding in 
its subsidences. Thus the movements have been separated in space. 

We have arrived at a boundary which belongs to tlie Altaides in 
respect to that part of its course formed by tlie south border of the Great 
Atlas and extending as far as the Jeliel Bechar ; from Jebel Bechar to the 
Adria it belongs to the Alpides, and from the Adria onwards as far as 
Djabekr it belongs to the Dinaro-Tauric marginal arcs. This lioundary is 
followed in Africa by an ancient structure which extends through about 
65 degrees of latitude and is devoid of any recent folding. 

In the western Sahara the submeridional Saharides extend from the 
north to beyond the Niger; their folding is older than upper Silurian ; we 
must thus regard them as older than the Caledonides, which in other 
respects they resemble. To the east of them, as far as Syria and Arabia, 
extends the Cretaceous and Tertiary desert plateau, to the south of them 
Archaean formations and« the deposits of the Karoo, forming a complex 
comparable to the Indian peninsula. Long fissures, beset with volcanos, 
cut through the continent. Madagascar is a fragment of the ancient 
Gondwdna land. 

In the south a different scene is disclosed, ^iree fragments of folded 
mountain chains, advance ftom three sides towards .tfie Karoo. Th&e 
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folded ranges, however, were already rigid before the •close of tiie Permian, 
and they form a southern pendant to the marginal *ar«s of Asia. Cape 
Agulhas is not so far from the equator as Crete or Cyprus, and if the north 
were submerged to the same extent as the south, the whole, of Europe 
would li(i beneath the Ocean, and of its complicated structure even less would 
be visible than of the southern structure on the borders of the Karoo. 

Of the preceding the following facts deserve special attention : first, 
the intersection of an older structure (Caledonides, vSaharides) by a younger 
(Altaides) ; next the rigefactioii and subsidence of the latter ; then the birth 
of new ranges, particularly the Alpides, witin'n these subsidences ; and, 
finally, the existence at the Cape of the fragments of a great folded system 
constructed like the periphery of Asia, but turned towards the north. — 

We will again suppose tliat the earth has travelled on its course for six 
hours. The meridian of 15*" E. has disappeared, and in its place the 
meridian of 75° W. now occupies the middle of the picture, but the great 
flifference in longitude of North and South America obliges us to consider 
a broader section. Even the interval between 50° W. and 130° W. is not 
quite sufficient. 

In the north we first observe, as it strikes obliquely across Ellesmere 
Ijaiid, the United States chain, a fragment of the Asiatic periphery, with 
the same ricli Me.soz(.)ic t#uccession, but extending beyond the pole. Then 
we reaeh the flat-lying low'or Palaeozoic l)elt, and the ancient crystalline 
mass of fiiiurentia. Towards the north-east this mass includes Greenland, 
it may possibly extend through the whole bread tli of the Atlantic Ocean 
to the Hebrides; in the south it forms the middle of the United States as 
Far as Texas. In Laurentia, as in Africa and India, the absence of younger 
fokUng runs parallel with the absence of any well-marked development of 
marine Mesozoic bed.s. On its eiistern side Newfoundland reveals to us 
once again tlie rias-coast, which withdrew itself from our view as Ireland 
and Brittany passed out of .sight. It is a coutiniiatiou of the western main 
branch of the Altai<les, already rigid, in America also, before the Permian, 
l)ut without inbreaks or other posthumous structures. Here it is known 
as the Appalachians ; it forms the south-eastern and southern boundary of 
the foreland of Laurentia and dies away in Oklahoma. 

A mighty range — the Rocky mountains — forms the western boundary. 
Its syntax is, with the Ahiskides, a range of purely Asiatic type, which 
takes place between the meridians of 146° and 147 ', shows that it also 
belongs to the outrunners of the Asiatic system, which thus surrounds all 
the American part of Laurentia. This nyigi? which, over long intervals, 
presents an oblique, coulisse-like structure, is stowed in the south against 
the ancient block of the Colorado plateau, and dies out on its east side. 
Its folding came to an end after the upper Cretaceous. Yet another 
branch, the Elias range, j)rocee<ls from the syntaxis in meridian 147^ Just 
as in the Aluskides the Rocky mountains correspond to the Romanzov 
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range, so ibd Elias rahge corresponds to the Kenai mountains, and is driven, 
like these, towards the Pacific Ocean ; it is not rigefied ; Tertiary beds are 
folded in it ; and it is still subject to movement. 

Between the Elias range and the Rocky mountains the Intermediate 
range makes its advance : it is a long zone characterized by a fairly rich 
Mesozoic series, by folding, disjunctive lines, troughs, and volcanos. To 
this range we assign the great Columbian batholite of granodiorite, the 
continuation of which forms the volcanic Cascade range, and a long tract 
of similar structure extending to the Basin ranges and the west side of the 
Colorado plateau. In Arizona this zone appears to be interrupted, but its 
characters are repeated by the Mexican sierras, which at the same time 
trend away to the south-east, decreasing in height up to the immediate 
neighbourhood of the gulf of Mexico. 

The Californian coast ranges mark the first appearance of the colossal 
range of the Andes. Divided into a number of oblique coulisses they strike 
through upper California, across the Maria islands into the Mexican Sierra 
Maestra del Sur, the north side of which is accompanied by gigantic 
volcanos. Its further continuation runs unbroken across Tehuantepec to 
Guatemala. The branches become concave towards the north, while the 
western part of the Antilles forms a virgation which includes tlie main 
range of Cuba, of the line from the Sien*a Maestra to north Haiti, and then 
of the line from Jamaica through south Haiti to Porto Rico ; in Guatemala, on 
the other hand, the branches, concave towards the north, make a bend from 
the gulf of Aiiiati across the island of Roatan into the direction of Jamaica. 
This is the first entry of the Andine structure into the Atlantic region. 
The above-mentioned virgation unites in the Lesser Antille.s to form 
a single arc, which, subdivided into zones like the peripheral arcs of Asia, 
passes through Trinidad to Venezuela, and through Columbia and Ecuador 
l>ack to the main range of the Ande.s. 

In South America the Brazilian foreland plays a part similar to that of 
Laureiitia in the north. Here, too, recent folds are al>sent, and almast all 
the marine Mesozoic beds. From the CarlK)niferous to the middle Cretiiceous 
only extra-marine, plant-bearing l)eds are known. Towards the west, 
however, unusual conditions set in. The folding directed to the east, 
which characterizes a great part of the Andes, extends its influence to the 
stratified series of the foreland and the high mountains to the east of lake 
Titicaca, such as Illimani and its companions ; the whole of the Cordillera 
Real and the Argentine Andes are formed of the same stratified series. It is 
not until we reach the west*th^t we meet with marine Mesozoic beds in the 
Cordillera de los Andes, where they make their appearance as a long and 
narrow strip, with long disjunctive lines and troughs and the well-known 
gigantic volcanos, thus reproducing the principal features of the Intermediate 
range and the Basin ranges of North America. The western border is formed 
by a mountain rtfnge, w,hich, as shown by the presence o£ superposed plant- 
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bearing beds on its east side, formed part of a continent in Mesozoic times. 
The same superposition of plant-bearing beds is agahi seen in the Sierra 
Maestra del Sur of Mexico, in the heights of Honduras, in Chili, and down 
to the Antarctic region. Still further west the sea presents an^ important 
and elongated deep, but its relations to the Andes have unfortunately not 
yet been ascertained. 

The view has been put forward that the southern Andine branches bend 
to the south-east, and then, diverging from one another, approach the sea 
between cape Corrientes and cape Horn in a similar manner to the Mexican 
sierras. The land, however, is little known, and this theory is contested. 
On the other hand, there is no doubt that the principal range of the Andes 
describes a curve al)Out the south of Patagonia, which in a tectonic sense 
resembles the concave chains of Guatemala. Further away, the arrange- 
ment of the islands enables us to recognize a second advance of the Andine 
system. The analogy presented by the contours of Patagonia and Graham 
Lfind, and the volcanic arcs of the South Sandwich islands are indications 
of this advance, and the whole archipelago is termed, for want of a better 
name, the South Antilles. 

An important foredeep may be supposed to exist outside the South 
Sandwich islands, and a foreland representing Brazil in the east of Graham 
Land. ^ 

The region just considered, extending from Ellesmere to Graham Land, 
is the only region on the glol>e which permits us to follow its structure 
from the Arctic to the Antarctic ice-fiolds. 

We may again suppose six hours to have passed, and we reach the 
meridian 165° W. extending along the west coast of Alaska to Bering sea. 

The great arc of the Alaskides is constructed on the Asiatic type, of 
which indeed it is one of the most perfect examples, l^he Romanzov range 
in the north, the Alaska range with the lofty mount McKinley, and the 
peninsula of Alaska with the volcanic arc of the Aleutian islands are the 
most important parts of the great virgation. Angara land, however, is not 
the baekland, or at least is not visible as such; Bennct land is the bust 
fairly well-known trace of a foreland. 

Stewart peninsula, a segment entering between die branches of the 
virgation, is continued towards Asia, and the New Siberian islands are 
possibly one of the hist traces of the backfolded Romanzov range. 

The Altiskides form a true bridge between Asia and America, and as we 
have seen above, we assign the Rocky mountains and the St. Elicu^ range 
to the Asiatic system. • 

To the south of the volcanic arc and the foredeep of the Aleutian 
islands the Pacific Ocean broadens out down to the south-easterly trending 
range of the Sima volcanos of Hawaii. With a few exceptions, the theory 
that the arcs of the Ocejijiides are parts of folded mountain ranges or flieir 
accompanying vol/ianos scarcely admits of dftubt. ^An important exception 
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is presented by Viti Levu, which is possibly the remains of a closed-in, 
unfolded segment. 

The arcs are frequently interrupted. The first trifling indication of an 
arc is give^n by the atoll of Raroia and some occurrences of a similar kind, 
which are linkt^l with the line of the Paumotu islands. The principal lines 
of the Polynesian region are formed by the Paumotu islands and Tahiti. 
In the Australian region we recognize three arcs : the first, l)Ounded by 
a mighty foredeep, extends from the north-east of New Zealand, through 
the Kermadec and Tonga islands ; the second, proceeding from it in virga- 
tion but leas connected, includes the Caroline islands, Radak and Ralik; 
finally, the main arc includes the north-west of New Zealand, New Cale- 
donia, the New Hebrides, the Solomon islands, and probably New Guinea. 

The folding is directed mainly towards the north-east, in the periphery 
of Asia to the east and south-east, in the Alaskides to the south, in the 
St. Elias range (judging at least from the arrangement of the rocks) to 
the south-west. 

In the south of New Zealand, the islands which follow towards the 
south, and in Victoria Land, divergent Atlantic characters make their 
appearance. 

In another six hours the great Asiatic system once more extends 
l)eneath our eyes. The earth has completed hoa* day’s journey. 

Note to PI. V. (In these figures the north lies below). Fig. 1 shows the coalescence of 
two of the seas which Loewy and Puiseux compare with the Mediterranean inbreaks, on 
the left the Mare Serenitatis, on the right the Mare Imbrium. The peninsulas separating 
them are above (in the south) the Apennines, and below the Caucasus. Three striking 
circumvallate rings rise from the Mare Imbrium, Archimedes, Autolycus, and Aristillus. 
The space between them and the steep scarp of the Apennines is the Palus Putredinis ; 
it enters between the Caucasus and the Apennines ; the latter bears here very high 
mountains, such as Mount Hadley, which are not volcanos but segments. On the other 
side of the gap between the Apennines and Caucasus, a faint white spot appears on the 
dark ground of the Mare 8erenitatis. This is Linnaeus, in wliich recent alterations are 
believed to have taken place. A somewhat brighter white spot (alum ?)lie8 to the south 
of it, where the Apennines dip gently beneath the lava flow of the sea. Between the 
Caucasus and the border the great circumvallate plains Eudoxus and Aristotle occur. 
The mountains on the north border of the Mare Imbrium are the Alps ; the valley of the 
Alps is visible as a straight cut. Fig, 2 shows above to the left and in some other places 
parts of the so-called ‘ancient land,’ namely, less altered parts of the lunar surface, to 
some extent comparable with the basaltic substratum of Iceland. Many * riding ’ 
craters are visible. A beautiful example is seen below on the right ; then follow in a 
submeridional series the three circumvallate plains, Purback overlapping into Regio- 
montanus, and Waltber; then above on the right Orontes with two larger ‘riding’ 
craters following towards the left ; the last is Nasreddin. To the left of Nusreddin lies 
Stoefler; above to the right and bfelow to the right it presents small riding craters, 
above to the left the larger riding crater of Faraday, which is again followed by two 
generations, and so on. These occurrences show that there is every stage of transition 
between riding eruptive centres and circumvallate plains, and that the moon at its 
.sep^fl:ation from the earth took with it many juvenile gas^s, although judging from the 
entire weight, 3*4, vjery little Nife cun have gone with it. 
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Introduction. The strand. History of the Caspian sea. Appearance of placental 
mammals. Asylums. 

In the city of Vienna many thousands of human liodies must have 
passed, in the coui*se of years, under the hands of Carl Rokitansky, one of 
the great founders of pathological anatomy. He watched the passing 
generations ; he saw, outside the limits of the human race, repeating itself 
under the most diverse modifications, the same succession of birth, growth, 
propagation, and death. All life appeared to him as a single manifestation, 
and in summing up his observations he spoke not of unity, or of common 
origin, but of the s^olUlarity of all life b 

Lamarck and Darwin^led the way to this conception, but now that it is 
reached it appears to us not as the final result of a comprehensive synthesis, 
luit as the elementary physiological starting-point, to which these great 
investigators have led us back. It brings with it the idea of a biosphere, 
which assigns to life a place above the lithosphere, is concerned only with 
life on tliis planet and all the contlitions in regard to temperature, chemical 
composition, and so forth, necessary for its existence, and leaves on one 
side all speculative hypotheses as to the possible presence of living beings on 
other heavenly bodies. Determined by these conditions, the biosphere is 
a phenomenon liinited not only in space, but also in time. 

We know nothing of the origin of life. The reduction and atrophy of 
the eyes of the Camlirian Trilobites show that these, although the earliest 
creatures known to us, are yet not actually the earliest that existed. Even 
tlie Xiphosures of the North American Belt Stage by no means present the 
character of primitive animals. 

Little as we know as to the details of the beginning, equally little dq we 
know as to those of the end, although this end is inevitable. Some vast 
prospective changes may be inferred from the tidal retardation of the 
planetary movements — in particular the lina^ loss of sunlight over half 
the surface — but it will be seen from what Tollows that there may lie in the 

' C. Rokitansky, Die Solitlaritat alles Thierlebens, Vortmg in der feierlichen Sitzung 
tl- k. Akad. Wiss. Wien, 31. Mai 1860 ; Alraaiiacli k. Akad. Wisa. Wien, XIX, pp. 185- 
220 . 
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very structure of tile planet itself a source of danger threatening a not 
inconsiderable part <5f the living world. 

Life is embodied in an almost infinite variety of forms. If we consider 
the wide di/jtributiori a!id uniformity of the freshwater fauna of the Devonian 
continent of Eria, or the floras of the Carboniferous, or the terrestrial fauna 
and flora of the Gondwana period, we shall readily admit that the variety 
has increased in the course of time. Physical influences have possibly 
remained unchanged, but their effects have accumulated. Even in com- 
paratively early times there were glacial epochs ; and the traces of wanner 
epochs date, even in Arctic regions, from periods as remote as the 
Palaeozoic aera. The sea of the coral-bearing Gosau beds was warmer 
than that of the contemporaneous Cretaceous of North Germany, and the 
coral sea of Castel Gomberto was warmer than that of the sands of 
Weinheiin and Fontainebleau. Each new climatic phase was accompanied 
by a more greatly modified and, as a rule, more highly specialized fauna 
and flora. But the case is different when we tiini to the face of the earth 
itself. For the whole of its existing state— with the outlines of the 
continents, the mountains and valleys, lakes and rivers, and the depths 
of the sea — is the product of an accumulated sum of different processes. 

At the very outset, an attempt to consider the biosphere and the litho- 
sphere simultaneously, shows that as the island ®f Trinidad, for example, 
presents throughout fluviatile fishes characteristic of South America, so 
even i.slands which are separated from the mainland by depths of several 
thousand meters, may yet posseas many land and freshwater animals which 
are identical with thase of the continent. Such an island cannot have been 
raised out of the sea, but the dividing deep must have been formed by 
subsidence. The islands containing such a fauna and flora are therefore 
horsts, and the theory of the permanence of oceanic basins represented by 
Wallace, is for this reason alone untenable. 

The influence of external conditions is clearly manifest in the fact that 
changes do not always occur simultaneously in the marine, terrestrial, and 
freshwater animals. In the middle Cretaceous of the United States, for 
example, the existing dicotyledonous forests made their appearance and 
underwent a rapid development, while the ancient flora disappeared, and 
yet the ancient types of plant-eating reptiles persisted down to the close of 
the Cretaceous. 

Richard Owen observed many years ago that if we add to the existing 
Australian marsupials those of their ancestors which l)ecame extinct in 
quite recent times we obtain a ^roup presenting a subdivision into carni- 
vorous, insectivorous, herbivorous and rodent-like animals similar to that 
presented by the great land faunas of Eurasia. The attempt has been 
made to show that a corresponding subdivision can be traced even in the 
Mesozoic reptilian faunas. Osborn has tenned tl^is phenomenon the law 
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of adaptive radiation, and cites as an example the oldest*Tertiary jnammalian 
fauna — that of Puerco in New Mexico ^ 

That the great units are subject to economic conditions — that a certain 
number of beasts of prey presuppose a certain number of plant-eating 
animals^ and these a sufficient supply of food-plants — that £he insect- 
eating animals presuppose insects, that certain insects are dependent on 
certain kinds of plants, and certain plants on insects — that coprophagous 
animals and parasites of every kind have their particular conditions 
of life — needs no explanation. It is equally obvious that in the rela- 
tion of plant-eating animals to beasts of prey it is not the number 
of species, but of individuals, and the character of these individuals, 
which is of importance. It is a striking fact that in tracing the history of 
the Tertiary land faunas we by no means invariably find a continuous 
modification of the several species, such as we should expect from the 
undisturbed and persistent effect of natural selection, but that (juite new 
faunas, whole economic units, as it were, follow each other in succession ; 
a fact especially evident in the Miocene of Europe. It was the recognition 
of this that led to the theory of great migriitions ; and in this connexion 
the fundamental works of Lydekker and Dep(?ret may be mentioned 

At the same time, how^ever, there are isolated cases of still persisting 
relics and drifted colonies, such as exist, for example, on oceanic islands. 
For this reason Baur distinguished continental islands with an harmonious, 
and oceanic islands with a disharmonious, fauna and flora. Medley has 
attempted to determine the limits of these two types of islands in the 
Pacific Ocean/'* 

In the following pages some examples on a larger scale will illustrate 
fmm the chorographic point of view only, the manner in which life adapts 
itself to the face of the eartli. But so little do we know of the conditions 
wliich govern the life of marine animals, and the nature of the boundaries 
whicli determine their distribution, that vre can only deal at present with 
the inhabitants of fresh water and the dry land. 

The simplest case of this a<laptation occurs among plants. Hooker, in 
his famous intixxluction to the Flora of Tasmania has already pointed out 
that varieties are most liable to occur on the boundaries of distributional 

* H. P. Osborn, The Law of Adaptive Radiation, Am. Nat., 1902, XXXVI, pp. 353-363. 

* L. Lydekker, Geographical History of Mammals, 8vo, Cambridge, 1896 ; A. C. Deperet, 

Transformation du monde animal, 8vo, Piiria, 1907, and, in particular, communications in 
the C. R. Acad. Sci. Paris, June 5, 1905 (Evolution des mammiferes tertiaires, methodes 
et principes), Nov. 6, 1906 (Importance des migrations), further of Mar. 12 and Dec. 24, 
1906. ^ • 

® G. Baur, Origin of the Galapagos, Am. Nat., 1891, XXV, pp. 217-229, and 307-326 ; 
New Observations on the Origin of the Galapfigoa, with Remarks on the Age of the 
Pacific Ocean, op. cit., 1897, XXXI, pp. 661-680 et seq.; C. II edley, Zoo-geographical 
Scheme for the Mid-Pacific, Proc. Linn. Soc. N.S.W., 1899, pp. 391-417, in parti< 5 plar 
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provinces Lundstr^im thinks it probable that near their northern boundary 
the willows of TJova Zembla are still forming new species Important 
investigations have been made by Wettstein, Engler, aiid others on the 
colonization of the peaks of high mountains These are supplemented by 
the instructive accounts given as to the gradual development of the vegeta- 
tion of Scandinavia by J. Steenstrup, Andersson, Nathorst, Blyth, and 
others, from which much may be learnt concerning the origin of post- 
glacial variations. In all the^e cases the aggressive vanguard consists 
of the hardier varieties. If a severer climate were to return the mother 
plants would probably disappear and these varieties would survive as 
independent species. 

We will now give some examples of a less simple character. We will 
first consider the life of a normal sliore-line which is, as it were, at rest, 
then of a shore-line which is growing smaller and undergoing negative 
movement (Caspian sea), and finally of shore deposits with organic remains 
washed in from the land (appearance of placental animals). 

The StraiHi Chun placed the limit at which sunlight ceases to bo 
visible at —400 meters. The broad zone extending from the shore to this 
depth, subject to continual changes in insolation, to storms and tides, and 
affected also more than any other part of the earth by displacements of the 
strand-line, is stamped by a number of characters wliich point to it as 
the region from which all the rest of the world has been colonized. From 
this region living creatures made their way up towards the sun, and down 
into the abysses, and sometimes it has received dwellers upon the land 
returning to a habitat in the sea. 

The migration to the land was long ago recognized, and was described 
by Bronn, in 1860, as the 'terripetal movement’, but it was also supposed 
that primitive forms still maintained their existence in the undisturbed 
regions of the deep sea. Tlii.s view was opposed l)y Noumayr, whose 
objections were chiefly drawn from the distribution of the Echinidac. Subse- 
quently Smith-Woodward concluded, from palaeontological studies, that 
a migration of fishes from the strand to the abysses, and indeed, the 
existence of deep-sea fishes in general, could not be traced backwards 
beyond the Cretaceous period 

^ J, D. Hooker, On the Flora of Australia, being an introductory Essay to the Flora 
of Tasmania (Botany of the Antarctic Expedition III), 4to, London, 1859, cxxviii pp. 

* Axel N. Lundstrdm, Kritische Bemerkungen iiber die Weiden Nowaja Semlaas und 
ihren genetischen Zusaminenhang, Nov. Act. R. Soc. Upsala, 1877 ( Jubilauins-Band), p. 25 : 
‘ It is much more probable . . .^that there, as von Baer says, although in a somewhat 
different sense, creation is still proedbding/ 

^ For this reason we have refrained from quoting the high-mountain floras of the 
Kilima Njaro, Cameroon, and other places (also Kinibalu in Borneo) as evidence of dis- 
tant migration. 

* ’ll. 0. Bronn, Stufengang des organischen Lebcne von den InsehFelsen des Oceans 
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The polymorphism of molluscan shells in waters of v/iriable composition 
is well known. Not a few marine genera, such as Area, Siliqua, and Cardium, 
occur in waters less salt than the sea, and indeed in almost fresh water. The 
most striking cavSe is that of Trigonia. Some of tlie rivers of North America, 
South America, and ( ’hina, contain sculptured Unios, with an ornaiiientation 
which presents every stage of transition down to that of Trigonia. The 
affinity of the two species was pointed out many years ago l>y Lamarck *, 
Neumayr maintained that the Unionidae were derived from Trigoniaa. 
White showed that sculptured Unios occur as early as the brackish water 
Ijjiramie stage, and that the existing species of the Mississippi arc their 
direct descendants. We must therefore assume that Trigonias ascended 
tlie rivers and became Unionidae, and that sculptured Unios, such as are met 
with in the upper Tertiary beds of South Europe and up to Omsk in 
Siberia, and at other localities, cannot, as Steinmann justly concludcvS, be 
regarded Jis evidence of the continuity of the rivers 

The entrance of fish into the rivci*s takes place, as is well known, in 
a number of distinct steps. In addition to fish which are purely marine 
there are others which deposit their spawn in fresh water, but there are 
also regressive river fish, so to speak, which spawn in salt water ; next, 
there arc fish living in rivers, but whose nearest relations belong to salt 
water ; then there are purely’ freshwater fish, and finally, a few ancient forms 
living in fluviatile marshes, such as Polypterus, which may still be included 
jiniong the fishes, though they possess lunyti. 

In the terripetal movement no change is more characteristic than the 
development of the lung. It is not formed at the expense of the gills, but 
in the higher Vertebrates proceeds from the oesophagus, immediately behind 
the thyi’oid gland, as a completely independent organ. The gills may even 
continue their functions f(3r a time side l)y side with the lung, as in the 

l>is aiif die Pestliindcr, 8vo, Stuttgart, 1860, Festrede. 31 pp. ; M. Neumayr, Ueber den 
ulterthiimlichen Chanikter der Tiefseefauna, N. J. f. Min., 1882, I, pp. 123-131 : 
A. Smith-Woodward, Antiquity of Deep-Sea Fish-Fauna, Nat. Sci., 1898, XII, pp. 257- 

m. 

* M. Neumayr, Ilerkunft dor Unionideii, Sitzb. k. Akad. Wiss. Wien, 1889, XCVIII, 
l»l>. 1-23 ; (I. Steinmann, Gcologische Grundlage der Abstammungslehre, 8vo, Leipzig, 
i908, pp. 99 et seq. ; for North America in particular, C. A. White, Review of the non- 
miiriiie fossil Mollusca of North America, Ann. Rep. U.S, Geol, Surv. (1881-1882), 1883, 
hli pp. 403-550. According to an earlier statement in Lycett (Monograph of British 
fossil Trigonia, Pal. Soc., 1872 1879, p. 233), it seems as though a greater develop- 
ment of the epidermal covering in brackish water may bring about a reduction of 
Ornamentation in the living Tngonia uniophora. At the same time we may refer for 
example to Unio Letsoni from the Laramie of Montana (VJhitfield, Ann. Mus. N.Y., 1907, 
^XVII^ p, 627), and the very deeply folded Unionises from Baluchistan (Blandford, 
Mem. Geol. Surv. India, 1883, XX, p. 236 et seq.): also with regard to the Paludinas 
winch are associated with these Unionides in Slavonia and their variability, reference 
may bo made to what has been said by Monsuy, Ann. Mines, 1907, 10® sor., XI, p. 473 et 
on their occurrence in Yunnan and the north of Kuang^si. • 

WOLLAS IV • • • 
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case of fyogs. Finally, even in the highest mammals, a trace of the gills 
remains in em^ryenic life, as a mark of the common origin in the sea. The 
lung occurs in all terrestrial animals, the land snail, the reptile, the bird, 
and the mammal ; the same need excites the same new growth. 

We will not discuss here the modifications experienced by the extremities, 
but add a few words on the organs of sense. 

In the car of the toothed whale, that is, of a mammal which has returned 
to the sea, the auditory meatus is almost completely closed ; the transmis- 
sion of sound must take place through the l)ody, since the tympanic 
membrane can scarcely receive sound waves. Dollo found that in the case 
of Plioplatecarpus, a Cretaceous Mosasaur, and Ichthyosaurus the trans- 
mission of sound also takes place through the substance of the body 

This case of the recurrence of the same modification in animals ho 
ditterent from one another, is frequently repeated in the case of the 
and it is, in fact, difficult to understand these processes, without assuming — 
at least in the ease of the eye — a unity in the system of sense organs, 
in accordance either with Haeckels idea of sensillae, or wdth the results 
of investigation which have lately been made known. Eyes may, in fact, 
arise in the most diverse parts of the body, even within the mantle of 
cephalopods, and on the gills of certain bivalves Palaeontological researches 
leave no room for doubt that even the paired eyes of existing mammals an* 
the result of a long-continued process of concentration. 

In 1886 dc Gniaf found, in the case of A nyuis fracjili^y that the parietal 
foramen was occupied by an arrested eye ; he regarded it as a reversion, 
and inferred from the occun’cnce of the parietal foramen in the Stega- 
cephala that this group possessed a functional parietal eye. A little later 
Credner showed that in the Permian Anthracosaurufi raniceps the scjaly 
skin does not extend over the parietal foramen, and thus obtoined confirmation 
of the original presence of an eye 

From further observations we derive the following facts. 

During the Gondwfina period, as wg have frequently pointed out, the 
earth presented a number of extensive continents with a very widely 

* L. Dollo, L'Audition chez les Ichthyosanriens, Bull. Soc. geol. Beige, 1907, XXI, 
Proc.-verb. pp. 157-163; also op. cit., 1904, XVIII, pp. 208-213, and XIX, 1905, pp. 125 

131. 

* Hoyle, Verb. V. intern, zool. Congr. Berlin, 1902, p. 774; P. Pelseneer, Yenx 
branchiaux des Lamellibranches, Bull. Acad. Sci. Brusxelles, 1908, pp. 773-778. Enslin 
states than Planaria are able to increase the number of their eyes ; Jahresh. Ver, Natud* 
Wartt., 1906, LXII, pp. 306-360^ , Parker has found sensitive organs over the whole body 
of Protopterus ; Proc. Roy. Sob., 1^91, p. 549. 

* All details are to be found in F. K. Studnicka, Die Parietal-Organe (Oppel, Lchrbucli 

der vergleichenden mikroskopischen Anatomic, V), 8vo, Jena, 1905, 254 pp. No fossil 
with paired apertures is so far known, possibly however the scales of Anthracosaurus 
figured by Credner are an indication of this ; Zeitschr. deutsch. geol. Ges., 1866, XXXVlH* 
pp. 592-596. < ^ 
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distributed flora and biuna. About this time there lived in places very 
remote from one another land reptiles in which the* pfirietal aperture 
presented dimensions which have never since been attained; this was 
especially the case with the Anomodonta. Many years ago Cope was 
struck hy the extraordinary size of this structure in the Diadectides from 
tlie Permian deposits of Texas b Far from there, near Elgin, in the north- 
east of Scotland, beds of the age of the Gondwfina fauna have furnished 
remains of the reptile Gonlonia Traqua!ri, and in this the parietal aperture 
lies in an elongated depression. Its ‘ deep cup-like form says Newton, 
‘ is probably an indication that it lodged a well-developed eye ’ Seeley 
has described an incomplete skull of Deuterosaurus from the Permian of 
the Urals, in wdiieh the parietal aperture is connected with the cranial 
cavity by a canal throe-ciuartors of an inch wide*^. In the skull of 
Dciphinognathus from South Africa the middle of the vertex rises in an 
independent cone, which bears the broad (almost 2 centimeters across) 
orater-like parietal aperture, surrounded hy radiating vascular impressions 
In these cases the central organ itself may have possessed a very different 
form from that now existing. 

Jaekcl has collected similar observations from different formations. 
Those show that in not a few Devonian fishes the aperture lies not in the 
parietal Imt in the frontal, l;K)nes. Further, in Thursius and Diplopterus 
it is accompanied l)y a ring of small ossified plates which, notwithstanding 


^ Cope, Amor. Nat., 1880, XIV, p. 304, Skull of Empedocles ; also Proc. Am. Phil. Soc. 
riiiladelphia, 1882, XIX, p. 45. 

* K. T. Newton, New Reptiles from the Elgin Sandstone, Phil. Trans. (1893), 1894, 
vol. 184, B, pp. 431- 593, in particular p. 438. There is still a lack of complete agree- 
niont as to the age of those beds. Noetling and Hayden state that in Kashmir the beds 
with Gangamopteris, Archogosaurus, and other genera are overlain by mariiie upper 
tJiirboniferous. Hayden (Rec. Oeol. Surv. India, 1907, XXXVI, pp. 23-29) and Amalitzky 
!=tate that in North Russia the marine Zeehstein rests upon the beds with (Tangamopteris, 
tvlossopteris, Dicynodon, and other genera, beneath these lies lower Permian with Callio- 
pf^ris conferta, and beneath this again marine lower Permian with Ptvductus cancrini 
(Amalitzky, Excui-sion goologique. Expose a la Societe imperiale naturaliste St. Petersb., 
Ibh'J, 25 pp. ; also C. R. Acad. Sci. Paris, 4 mars 1901, et passim). Near Elgin at 
least two different horizons of the African Karoo are distinguished by Newton. We 
h;»ve included the accompanying glacial period in the Carboniferous ; Tscherny- 
f^chew does the same. Koken assigns it to the Permian (Tndischer Perm und die Per- 
mische Eiszoit, N. J. f. Min., Festband, 1907, pp. 446-546, map) ; Arber (Catal. Glossopte- 
flora, Brit. Mus,, 1905), unites the Glossopteris flora with the upper Carboniferous ; 
^oward (Quart. Journ. Geol. Soc., 1908, LXIV, p. Ill) points out that at Tete on the 
Zambesi the typical flora of the European upper Carboni^rous occurs independently of 
Glossoptei'is flora. • 

’ lb G. Seeley, Research on Fossil Reptiles, VIII, Phil. Trans., 1894, vol. 185, B, 
iT- 663- 717, in particular p. 677. 

^11. G. Seeley, Delphinoqnathus conocephahis from Middle Karoo Beds, Cape Colony, 
Journ. Geol. Soc., 1892, XLVIII, pp. 469-475. 

T t a 
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the (lonhjjts which Jxave been raised, should be regarded in my opinion as 
a sclerotic ringh* 

In living reptiles two structures occur, lying one behind the other, 
these are the parietal organs with the parietal eye, and behind this the 
pineal organs ; in certain cases the former alone enter a parietal aperture. 
That in these cases we are really dealing with the rudiment of a third eye 
is shown by the fcict that in not a few Saurians the presence has been 
established of a refractive lens, a pigmented retina, and a special nerve 
which establishes connexion within tlie brain. Beside the Saurians, .*i 
particular interest attaches to Sphenodon (Hatteria), a remarkable relic of 
the Pemiian epoch, which still leads an isolated existence on some small 
islands in Cook s strait (New Zealand), Its third eye, with lens and i*etina, 
projects into the parietal aperture. In fully developed individuals this 
aperture is closed by connective tissue. 

The rudiment appeals to have been oiiginally paired, and then to have 
l>ecome single, by selection of one of the two parts. Thus the pineal organ, 
almast the sole indication which remains of these structures in existing 
mammals, would represent a fourth eye. Even in man himself traces of 
a nervus jxirietalis have been found 

Of a different kind is the struggle of the eye wdth darkness. Even in 
the early days of the Palaeozoic aera the facetted eyes of Trilobites an* 
affected sometimes by atrophy, sometimes by hypertrophy, and in the 
lower Silurian genus, Trinucleus, it may happen that young specimens 
have facetted eyes, while the adults are blind. But if we follow Exner s 
experiments on the migration of pigment in the facetted eye, and Chun's 
observations on the luminescent organs and the telescope eyes of deep seji 
animals, we arrive at wonderful physiological processes, and new growths, 
which have certainly been excited and educed by external circuInstallC^^s, 
but to a degree far exceeding the powders of adaptation " as conceived by 
the simple views now prevalent. 

The luminescent organs, once regarded as accessory eyes, are certainl) 
aids to sight, but yet quite independent structures. Their autonomous 
origin, however, appears less wonderful than that of the lung, since eyos 
may be produced in such different parts of the body, but they occur, 
precisely like the lung, in animals of the most diverse kinds, Crustacea. 


^ 0. Jaekel, Epiphyse und Hypophyse, Sitzb. Ges. naturf. Freunde, Berlin. 1^03. 
pp. 27-58 ; the parietal ai>erture is here termed the epidyse ; the epiphysc is the janeui 
body which will be mentioned later. 

* 0. Marburg, Normale und pathologischc Histologic der ZirbeldrUfle, Arbeiten au.s den^ 
neurologischen Institut der Wiener Universitat, ed. by Obersteiner, 1908, XVII, pp. 2^- 
279. Professor Zuckerkandl has drawn my attention to this fact. 

’ S. Exner, Die Physiologic der facettirten Augen von Krebseii und Insecten, 
1891, 206 pp. ; C. Chun, Leuchtorgan und Facettenauge, Biol. CentralbL, 1893, XfH, 
p^. 554-571 ; also the works of the Valdivia expedition. 
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cephalopods, and fishes. Similar rudiments have even, been observed in 
some of the mammals which have returned to the sea^. 

The lung is the product of life on land, the luminescent organ the 
product of the deep sea, and between them, as the place of departure, lies 
the strand. Certain chxsses of animals arc permanently endowed with the 
ability to produce the same new formations under the same external 
circumstances. This indicates much more than a common descent. It is 
uot converge itrc^ but persistent purallelism. The earlier state disappears 
(luring embryonic life. New species, even new genera arise, yet along 
with this splitting up, identical organs arc formed in different animals 
under tlie manifold influcnci's which we are accustomed to include under 
the term ‘ adaptation \ 

History of the Caspian mi. The strand, as we have just considered 
it, is free ami open. But there are cases in which it becomes enclosed, 
restricted, and holds the inhabitants of the waters prisoner. 

Th«:i face of the earth presents two examples of the remains of great 
st‘as, scarcely disturbed l»y tectonic phenomena. The descendant of the 
first is the dead salt basin of the Djoiif in the western Sahara, and the 
uioribuml (biscendant of the second, which we may term the Palaeocaspian, 
is the Caspian sea. At the time of the upper Cretaceous both were 
cover(‘d by tlio marine tralisgression which extended from the Atlantic 
()( 5 ean into thci Tarim basin. Then separation occurred, partly owing to 
the excess of tln^ negative displacements of the strand and partly owing 
t(j tectonic movements (Alps, Iran). The Djouf was separated ofi*, solely, 
it would appear, l>y the retreat of the sea. The separation seems to have 
taken ]»lacc from north-west to south-east, from the hills of Ahaggar, not 
very far from Bilma, in tlie tlirection of the mountains of Tibesti, thus 
dividing an Atlantic from a Libyan-Mediterranean bxsin (I, p. 359; IV, 
pp. 6, 89). By no means so clear, even in middle Tertiary times, was the 
1‘ouridaiy between the Palaeocaspian region and the Mediterranean, and 
while the Mediterranean , still extended itself by subsidences, the Palaeo- 
caspian remained a transgression-sea, dividinl l>y mountain structures, but 
not widening its bounds. For this reason it must be regarded simply as 
a late and transitory extension of the Tctliys. 

To the west, all the plains of the middle and lower Danube and tlie 
iKnthera slopes of the Carpathians and the CaiicaxSus belong to the Palaeo- 
c*aspian sea. To tlie east, upper Cretaceous and Eocene reached Kashgar 
anrl Sfmju, and it is a (piestion whether the gypsums of the PAinir are not 

T(;rfciary age. On the whole, however, thew hiStory of this sea remains 
lor a long period bound up with that of the Mediterranean. 

The fact that the southern borders of the Bohemian horst are suv- 


A, Putter, Anpaesuug der Silugethieraugen an das Wasscrlebcn, Verb. V. inteA. 
'-^ooUCongr. Berlin, 19«1, pp. 6bt 620. 
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rounded only by litoral deposits of the first Mediterranean stage points to 
some decisive vent, and we may take this region as the starting-point of 
our further studies. They will be based on what has already been said 
with regard to the history of the Mediterranean (1, p. 277), but will refer 
chiefly to the fauna. Notwithstanding this limitation, the subject remains 
vso extensive that it is necessary to make a subdivision. We shall first 
consider briefly : (1) Central and Ead Europe, particularly with reference 
fco the age of the faunas ; we shall next make (2) a compai'ison with India ; 
then (3) with North Africa] and finally (4) give a sketch of the existing 
conditions in the Caspian, 

1. The above-mentioned litoral deposits of the Bohemian horst, resting 
on a brackish-water basement l)ed with Cerithmm margaritaeeam (beds of 
Molt, upper Aquitanian, according to Dept^ret) comprise the marine sands 
and Lithothamnium limestones of the first Mediterranean stage, and a land 
fauna, the correspondence of which with that of the sands of Orleans has 
been establishetl by Deperet. This fauna is known as far as the lower 
course of the Tagus; its most chanicteristic genus is the great Suidirie 
genus Brachyodus, but Mastodon angiistidens is also said to occur b 

After the deposition of these beds a great constriction of the sea 
occurred ; its efiects can be traced from Bavaria, through eastern Europe 
and a long way towards Asia. Salt and gyps^um were deposited ; this is 
the saline epoch of the Schlier, the first harhinc/er of tite end. Besides 
Mediterranean species, a not inconsiderable number of new, endemic 
species occxir in the associated marls; a whale also, 8 meters in length, 
has l)een found. No great changes would be required even at the 
present day to completely close up the Mediterranean together with tlie 
Pontus. 

The period in which evaporation was in excess of precipitation came to 
an end. Brackish water Cardiums made their appearance. Freshwater 
l)eds with Oncophora were spread out from the west into Moravia. Leaves 
of the cinnamon tree were Ijlown in by the wind ; and on the east lK>rd<3r 
of the Alps brown coal wavS formed. A horizon (Helvetian) characterizerl 
by Cerithium lignitarum marks the beginning of the second Mediterranean 
stage. The transgre.ssion was of moderate extent. Round about tlie 
margin of the sea the consequences of the dry period had by this time 
ceased to be manifest, and the wdiole of Central Europe was occupied l>y 
a rich land fauna. Brachyodus had disappeared; Mastodon anguatidens 
still existed, and in addition Anthropoid apes, Amphicyon, Dinotherium, 
Anchitherium, Hyaemosthi^, Prox, Palaeomeryx, Listriodon and other 


' Deperet, Fauna von miocenen Wirbelthieren au8 der I. Moditerran-Stufe von 
burg, Sitzb. k. Akad. Wiss. Wien, 1895, CIV, pp. 395-410 ; Le Neogene Contim^ntal 
(htns la Basse Valide du Tage, Paleontologie par F. Roman, Stratigraphie par A. Torres, 
(yomm. serv. geol. Portugal, Lisbpn, 1907, 108 pp., 4io. * • • 
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genera. This fauna also extended towards the west as far as the lower 
course of the Tagus. Among the best-known fossil localities are Sansans, 
Steinheim, and the younger brown coals of Styria (Eibiswald). 

In 1870 Oskar Fraas wrote that a study of the fossils of S,teinheim 
leads irresistibly to the conclusion that this fauna is still living in the 
Indian archipelago. Not long afterwards A. von Pelzeln described it as 
Malayan We shall make use of this name, not to imply that the Mala/yan 
reyion^ were the orlyinal home of theee animals, but only to indicate that 
at the present day Malay still possesses forms which exhibit a jyarticvlavly 
close relationship with them. 

The area of deposition was again reduced, this time evidently by an 
extensive subsidence of the strandline. The Palaeocaspian region luas cut 
off from the Mediterranean, and has remained closed ever since. The 
new, Sarinatian sea reached its western limit in lower Austria, and included 
in the east the sea of Aral. The composition of its waters ceased to be 
completely normal. Tlie fauna was poor in species, but excessively rich 
in individuals. Certain Mediterranean relics still continued to exist beside 
the endemic fauna, in which marine mammals are conspicuous, and, among 
the molluscs, Trochus, Mactra, Cardium, and other genera. Cephalopods, 
Brachiopods, Echinids, and corals are absent, and no longer survived in the 
tJaspian region. • 

This change in the contour of the sea and its fauna was not accompanied 
i»y any important change in the Malayan laud fauna, Subaorial erosion of 
the Sarmatian deposits next occurred, and indicates a renewed negative 
movement; it was so coiisidei*able as to suggest that the strand of the 
Mediterranean may Inivo lain lower than at present. The region previously 
marine, was now occupied l)y a chain of freshwater lakes; this is the 
})eriod of the Pontic stage. Now for the first time the Malayan fauna 
disappears, and its successor bears a completely African stamp. Apes, 
Machairodus, Hyaena, longirostris,Dimthcrium gigantewm, Hip- 

potherium, Helladotherium, Camelopardalis, Gazella, Palaeoryx, Struthio 
and other genera are characteri.stic. It is kiiOAvn on the lower Tagus, at 
(Joncud (Spain), Eppelsheim (near Frankfort), in the Congeria beds of 
Vienna, and the Belvedere Schotter, near Balta (Podolia), Pikermi (not far 
from Athens), in the island of Samos, at Maragha (Persia), and many other 
places. Forms characteristic of the cape of Good Hope occur at the most 
remote localities, as, for example, Orycteropus found in Maragha and in 
Samos. Manis presents a similar case-. 

’ 0. Fraas, Fauna von 8temheim, WUrtt. naturw. JahVcsli., 1870, XXVl, pp. 145-30(), 
HI particular p. 297; A. von Pelzeln, Africa-! ndien, Verb, zool.-bot. Gea. Wien, 1875, 
XXV, pp. 38-62; Die nialayiache Siiiigetbierfauiia, Festsebrift d. zool.-bot. Ges., 4to, 
Wien, 1876, pp. 50-74, map ; obseivations on this by Blanford in Proc. Zool. Soc., 1879, 
pp. 631-634. 

i Forsyth Major, Rroc. Zool.rtSoo., 1893, p. 239. 
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With many changes of fortune the Holarctic fauna and flora then 
advanced from the north through Europe ; Asiatic elements made their 
appearance ; nevertheless, even at the present <lay, African relics exist in 
some parts of the northern coast regions of the Mediterranean. 

2. The history of the Mediterranean Inis been happily completed hy 
Pilgi*im*s investigations on the Persian gulf^ 

The conjectured secondary syntaxis, supposed to occur at Bender Abbas? 
actually takes place. One of the exterior chains of Iran which sink 
beneath the surface at Karachi, reappears at Has el Hadd in south-ciist 
Arabia. It strikes in an arc as a fairly high chain through Oman, and 
reaches cape Masandam opposite Bender Abbots. It consists of crystalline 
schist, Palaeozoic and Trias deposits, a thick basic intrusion, then Oretaceou.s 
and Tertiary. The gulf of Oman is thus not a fore-trough, but lies witln’n 
the virgation of the chains of Sind, which is indicated in the east. The 
fore-trough of the Zagros chains does not l)egin until we reach the strait 
of Hormuzd, and it is supposed that the subsidence of the Persian gulf di^l 
not take place until very recent times. This conjectiiro rests on the fjict 
that the Eocene sediments in the island of Bahrein are different from tliose 
of Persia. 

On the Persian side the Cretaceous and Eocene arc covered by tluj 
lower Nari stage of India (Oligocene), and this 4)y the upper Nari, wliich 
corresponds with the deposits on lake Urmia, i.e. the first Mediterranean 
stage. Then follows widely distributed gypsum. It is overlain on tin* 
whole tract from Bushehr t(j Bender Abbas by the very thick equivalents 
of the second Mediterranean stage with IWten Virleti and Vemun aglamrie. 
Pilgrim conse(|Ucntly places the gypsum on the horizon of the Austrian 
Schlier. 

The zone of Perten Vattell, or the coast-zone which now- follows, is 
known from Kishm, along the Makr&n coavst as far as Karachi. Strang«* 
to say it presents a fair number of endemic species 

The Bachty4,ri series, to all appearance an ancient river formation, now 

’ 0. E. Pilgrim, Geology of the Persian Gulf, Mem. Geol. Surv. India, 1908, XXX IV, 
pt. 4, 177 pp., maps ; Diener, Some Fossils from the Sedimentary Rocks of Oman 
(Arabia), Records, op. cit., 1908, XXXVI, pp. 156 163. Even at the time when the preced- 
ing page (p. 522) was in the press this work of Pilgrim’s was unknown, and the syntaxis 
at Ormuz was therefore up to the pi’esent a matter of conjecture only ; on this point .see 
also I, p. 426, and III, pp. 288-297. 

I, p. 326. Pecten Vatteli was descril>ed by T. Fuchs from the material excavated from 
the Suez Canal between the Bitter lakes and Suez (Denkschr. k. Akad. WLss. Wien, 1877, 
XXXVIII, p. 407). Blanckenhorn ^escribes this species as one of the typical fossils of 
the upper Pliocene- Pleistocene coral reefs and coast deposits of the Gulf of Suez; it 
occurs in older (poat-Miocene) coral structures on the south-east side of Mount Siiuii 
(Hume, South-east Sinai, Survey Department, Egypt, 1906, p, 136) and in Pleistocene 
coast deposits near Tanger in East Africa (Koert, Monatsber. deutsch. geol. Ges., 1908, 
LX, pp. 326-328. 
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follows iinconforinably. Loftus has even traced it to ‘Mosul oif the Tigris ; 
it was involved in the folding movements. One miglit nvell suppose that 
it had filled up an ancient fore-trough. Finally, a foraminiferal limestone 
(Miliolite) with oolitic structure occurs in horizontal beds; it is .believed to 
have been formed by the wind. Consolidated shell beds, * litoral concrete; 
conclude the succession. 

The ‘ blind alley * of the existing Persian gulf contains, like tlie zone of 
Peden Vatteli, a number of endemic molluscs. 

The most impc^rtant changes in the middle Tertiary seas can Ije traced 
onwards~-as we have previously pointed out, and as is shown more 
especially by the intercalation of gypsum and salt on a particular horizon 
— not only througli Armenia and the high land of Iran to Chorassan, Imt 
also through Mesopotamia and at least as far as the strait of Hormuzd. 
Livingstonti’s account of the withdrawal of the elephants and rhinoceroses 
from regions which had become arid gives some idea of the possible 
infiuence of such a period on the fauna. 

'I'he Tertiary dciposits of the Persian gulf arc connected through 
Karachi with those of the valley of the Indus. 

The succession of land faunas in India precisely resembles that in 
South Europe. We will confine ourselves to a few isolated examples. In 
the Bugti mountains of «a8t Baluchistan (southern foothills of Sewestdn in 
the direction of the Indus) Blanford observed Brachyodus, and Unios with 
a remarkably fohhxl ornamentation ; Pilgrim has assigned them to the 
Aquitanian stage h At Kushdlgarh on the Indus (Rawalpindi) the mamma- 
lian remains frequently referred to as the ‘ Attock fossils ' occur. Dinothe- 
riuin, Amphicyon, and Listriodon point to the Malayan fauna The rich 
Sewalik fauna of the foothills of the Himdlaya bears the African stamp, 
like the other Pontic faunas at Pikermi and Maragha. It is also known 
on the Irawadrli in Burma. — 

The question now arises as to what we are to understand by Malayan. 
Let us follow Blanfords classification of the distributional areas of 
India 

The Holarctic fauna comes down from the north and north-west and 
occupies the higliland of Tibet, the Punjab, and the desert regions up to 
the Aravali mountains. The typical Malayan region begins at present in 


^ W. T. Blanford, Geological Notes on the Hills in the Neighbourhood of the Sind and 
Punjab Frontier between Quetta and Deni Gliazi Khan, Mem. Geol. Surv. India, 1883, 
XX, pp. 105-240, in particular p. 161 et scq., and p. 233 et seq. ; G. E. Pilgrim, New 
Suidae from the Bugti Hills, Baluchistdn, Records, •op. cit., 1907, XXXVI, pj). 45-56. 
and Persian Gulf, Note to p. 33. 

‘ Lydekker, Rec. Geol. Surv. India, 1876, IX, \). 91 et seq., and 1887, XX, pp. ol -63 ; 
Wynne, op. cit., 1877, X, p. 119 ; also in this work, I, p. 143, note 2. 

® W. T. Blanford, Distribution of Vertebrate Animals in India, Ceylon, and lixmmi, 
,Phil. Trans., vol. V)4, B, pp» 335-436, map. 
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Tenasserim and extends far to the south-east. This adjoins on the north 
the Tramgangetio region. The Transgangetic fauna occupies Burma, 
Assam, and the forest region of the Himdiaya. But in this forest region 
an increasii^gly large admixture of Holarctic species makes its appearance 
as we proceed towar<ls the west, and it seems as tliougli the Transgangetic 
Fauna had its original home liere, then withdrew during a cold period, and 
returned again in quite recent times tlirough the forests of Assam. It is 
these two faunas, that of Tenasserim and that of the Transgangetic region, 
which together form the Alalayan fauna of Pelzeln ; and it is in these that 
Lydekker recognized a difference from the Sewalik fauna and a resemblance 
to the Oligocene or Miocene faunas of Europe ^ 

The Cisga agetic region, that is Hindustan proper, includes many genera 
of the Indo-Malayan (or Oriental) fauna, such as Semnopithecus, Elephas, 
and others, which dwell chiefly in the wooded parts of the peninsula, but 
it also contains elements of a second fauna, the Anjaa fauna of Blanford, 
such as Alelursus, Boselaphus, Antilope, and otlier genera, which arc charac- 
teristic of tropical Africa, but are absent from North Africa and the adjacent 
parts of Asia. Precursors of both these faunas occur in the Sew&lik. 

Finally, we must distinguish from the Cisgangetic region the district of 
Malabar^ which extends along the west coast of the peninsula and includes 
south-west Ceylon. Here not a few genera of <i;he Transgangetic and 
.Malayan fauna occur, which are not met with elsewhere on the peninsula, 
'fhe coiTcspondence is so striking that as early as 18r0 Stoliezka raised the 
([uestion ^vhetlier the Malayan fauna might not once have been distributed 
over the whole peniirsula Blanford distinguishes here traces of a third 
still older fauna, the Dravidic, which includes only a few mammals, and 
consists chiefly of reptiles and some land snails. 

This division of India completely excludes the inhabitants of rivers. 
The gavial of the Sewalik beds lives in the Indus, Ganges, Brahmaputra, 
and Mahanadi ; but it is also recorded from the river Koladyne (North 
Arakan). The subsidence of the gulf of Bengal, on the site of which the 
Ganges may once have flowed, is possibly ii very recent event, as this 
distribution may perhaps suggest. The crocodile and tectum of the 

Sewdlik fauna still exist at the present day \ 


* R. Lydekker, Geographical History of Miinimals, 8vo, Cambridge, 189G, p. 291. 

'' F. Stoliezka, Contribution to Malay Ornithology, Journ. Asiat. Soc. Bengal, 1870, 
XXXIX, pp, 277- 334, in particular pp. 279, 280. 

The Tertiary Crocidilians of •'Ma^ta and Gozo as well lis of the first Mediter- 
ranean stage at Eggeiiburg belong to the genus Tomistoma at present existing only in 
Borneo. B. Lydekker, Notes on the fossil Mammalian Faunas of India and Burma, Roc. 
Geol Surv. India, 1876, IX, pp. 86 lOfi, in particular p. 97 ; Occurrence of the Croco- 
dilian^Genus Tomistoma in the Miocene of the Maltese Islands, Quart. Journ. Geol. Soc., 
1886, XLII, pp. 20-22 
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We will defer giving a synthesis of these details until we have considered 
the facts presented by North Africa. 

3. The correspondence of the Mediterranean Atlas with Europe is well 
known. Depdret has shown that Pomers Cartennian corresponds with the 
first Mediterranean stage, and that in Kabylia this stage contains Mastodoih 
angustidens^, Poniel’s Helvetian is the second Mediterranean stage, and 
the Sahelian is pvobaljly a marine equivalent of the Pontic stage. In Oran 
and Constantine the land fauna of African character, which corresponds to 
the Pontic stage, lias also been met with. 

The ancient rocks forming the basement of Gondwana land exteml from 
the southern half of Africa northwards, passing between the. Nile and the 
Bed sea, and in Sinai tliey cross over to Araliia. We have already 
mentioned that tlie fall of the Cretaceous sea-level brought about a separa- 
tion of the seas of the Sahara, which ran approximately along the line from 
Ahaggar to Tibesti, and that on both sides of this line, Eocene and then 
Miocene sea-basins left behind. In the Libyan basin the deposits 

of the Miocene coming from the lower Nile reach the existing seacoast near 
Tripoli, but they do not, it would seem, extend very far into the interior 
of the desert. Great rivers w'erc discharged into this sea ; tlie Wady 
Igharghar was probaldy the most important of them. None of these 
'fertiary rivers reach the sea at the present day. 

The contours of the several groups of strata wdiich succeed each other 
with a fair degree of regularity to the south and south-west of Cairo thus 
indicate so many contours of the north coast of the ancient continent, and 
the remarkable remains of terrestrial animals which occur here in fluvio- 
marine litoral bods simply represent a small part of the great variety of 
forms which at that time inholntcd northern Gomlwana land. 

The palaeontological discoveries of Andrews, and the stratigrapliical 
observations of lleadnell, show that in the ?)i-/d(?/e-iS^(.>(*6>ie{Mokattam stage) 
of the Fayurn the purely marine ;5one of N^^irnrau/ltes Gizehensin is 
overlain by white marls with fishes and Zcuglodon. Then follows an 
alternation of limestone, marl, and sandstone, with Moeritherium, Bary tho- 
rium, a number of iiiai'ine inanmuils, and fishes, especially roach. The 
tipper Eocem (Barton stage) is fluvio-mariiie. Here the strange-looking 
Arsinotherium occurs, Palaeomastodon, a forerunner of the Elephants, and 
in addition to many fc)X’ms unknown elsewhere, such genera as Hyaenodon, 
Procyon, and a few others, which show points of relation to the equally 
ancient land-fauna of Europe, which so far, however, is not known in any- 
thing like the same abundance. Here, too, numerous marine mammals have 
been found In the Fayflm other fiuvio-marine deposits follow on, and in 

^ Dep^refc, Bull. Soc. geol. France, 181)7, 3® scr., XXV, pp. 518 -521. 

'* C. W. Andrews, Descriptive Catalogue of the Tertiary Vertebrates of the.Fayum, 
^^grypb 4to, London (BritiaJi Museum), 1908, 324 ijp. 
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their continuation neai Moghara, 160 kilometers west of Cairo, Blancken- 
hom discovered Brrchyodus and Rhinoceros, and Beadnell, somewhat later, 
remains probably belonging to Mastodon' angiistidens. These fossils arc 
associated wjth Mytihfs aqaitaniciis^ and correspond with the earliest 
representatives of the Malayan fauna. During the second Mediterranean 
stage a marine transgression occurs. Further away, in the Wady Natnln, 
lilpparioii' aft’, gmcile, Hipj)opotamus hipponensiSi Sus, Hippotragws cor- 
dieri, Samotlierium (or Libytherium) have been found, as well as species 
of Mastodon ; i. e. a fauna representing the Pontic period of Europe. It 
was during the Pontic period that the African tj^pe made its appearance, 
both in Europe and in India ^ Finally, at Qasr-el-Sagha (Schweinfurtli's 
Tempel) Beadnell obtained from the deposits left by the ancient extension 
of lake Moeris, to the north of the east end of the Fayum, Elepha^ afri- 
canaSy Hippopotamus and Bubalus, associated with Neolithic Hints, that 
is, the existing land-fauaHy although no Egyptian record mentions the 
elephant 

Here we may again call attention to the fact that the term Malayan 
or African fauna was not chosen in order to indicate the original 
habitat of this fauna, but its relationship to the existing faunas. In 
Africa a Malayan horizon is clearly intercalated between the mammalian 
horizons of the Fayilm and the existing animal world. It is by no means 
certain that a Malayan residue does not still survive in West African In 
that cas(i the anthropoid Dryopithecus on Dei)eret’s horizon of St. Gaudens 
(which is correlated approximately' with the Sarmatian stage) would 
indicate a connexion between th(i orang of Borneo and the gorilla of West 
Africa. Thus, here again, we should have to separate oft* from the African 
fauna a Malayan residue, corresponding with the residue in Malabar. 

4. Let us now attempt to sum up, completing our observations when; 
they are delicient. We will begin with the Caspian region. 

(a)’ The genus Brachyodus dates from tlie Oligocene period ; as a har- 
hingcr of the Malayan favMa w'e have MasUnlon angustidens. This fauna 
is known throughout Central Europe, also in Baluchistin (Bugti) and west 
of Cairo (Moghara). The normal Mediterranean marine fauna extends 
from Central Europe and North Africa to Asia Minor and Persia (First 
Mediterranean stage = Burdigalien). 

^ Blaiickenhorn, Zcitsclir. deutsch. geol. Oes., 1901, pp. .55, 101 ; Andrews, Geol. Mag., 
1899, Dec. IV, vol. VI, pp. 481-484, op. cit., 1900, VII, pp. 401-403, and Descriptive 
Catalogue, p. x et seq. F. Stromer mentions Brachyodus also from the Wady Faregh, 
Ber. Senckenb. Naturf. Ges., 1904, p. 112. 

* Beadnell, Geol. Mag., 1903, 4th^8eii., vol. X, pp. 5.3-09; Andrews, torn, cit., p. 336: 
for the stratified succession in general, Barron, op, cit., 1904, 5th ser., I, pp. 603 -608. 

^ For the views of Wallace and Lydekker on such relations see the latter’s Geographical 
Mistory of Mammals, p. 257; how the West- African Fauna following the great forest 
extend^as far as the watershed, may be sc^n from Emin Pasha’s account in Proc. ZooJ. 
8oe., 1888, part 1. 
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(h) First closure of the sea ; salt and gypsum from the middle I)anul>o 
to the highland of Persia, Hormuzd and Suez. MedHer/anean shells along 
with endemic species (Schlier). 

(c) Fluviomarine sediments, brown coal, then a moderate transgression 
witli a normal Mediterranean fauna in central and South Europe and North 
Africa. A rich Malayan mammalian fauna in Central and South Europe, 
North Africa and on the Indus (Kushalgar). (Second Mediterranean stage = 
lower and middle Vindobonian = Helvetian and Tortonian.) 

((/) Second closure of the sea^ affecting the much more restricted area 
which extended from lower Austria across the sea of Aral, including the 
Troas on the south. First clearly marked appearance of the l^alaeocaspian 
contour, which from this time onwards becomes increasingly restricted. 
Composition of the water not normal ; numerous marine mammals ; endemic 
molluscs with Mediterranean relics. Persistence of the Malayan land-fauna 
(Sarmatian stage upper Vindobonian). 

(e) The Malayan land-fauna now disappears from the whole region. 
It still exists at the present day in the Malay peninsula, and far towards 
the east; it also extends from Teiuisserim through the Transgangetic region 
to tlie foot of the Himalaya, occurs in an isolated district in Malabar and 
south-west Ceylon ; and possibly also, as a residue, in West Africa. Every- 
where, through the whole of Central and Southern Europe, North Africa, and 
India it was displaced by a n A f rican fauna. The Sarmatian stage in Europe 
is immediately followed by a period in which the level of the sti’andline 
was low, and erosion occurred ; it was at this time, apparently, that the 
African fauna made its entry. It extends over parts of Europe, occui-s in 
Egypt (Wady Natrun), reaches Persia (Maragha), India (Sewdlik)and Burma. 
Eveiywhere it appears as the younger fauna, but on the Irawaddi the 
Malayan fauna afterwards again took po.s.se8sion of a region which during 
the Tertiary aora had borne an African fauna (SewSlik). 

The eroded surface was first covered by Aiidrussow s Maeotk stage. In 
the north-west of Hungary, as Hoernes lias shown, it corresponds with 
a zone characterized by MeUmopsis imjyressa, Andrussow believes that at 
this time the Palaeocaspian region was already divided into several 
basins b 

The last forcfolding of the Himalaya and the Zagros chains, the sub- 
sidence of the gulf of Oman, the Persian gulf, the vseparation of Ceylon, the 
opening of Suez strait, and the Aegaean subsidence are more recent than 
the appearance of the African types. Very recent post-Pontic foldings 

• 

* The contours of the Maeotic basin in the Casfiian region are described in Andnissow, 
Miocene of the Caspian regions, Hull. Com. geol. Russie, 1899, XVTII, pp. SSO-SBO at the 
end (in Russian), and in particular Maeotic stage ; Verb. Min. Ges. St. Petersb., 190r>, 
2nd ser., XLIII, pp. 289 -449, map. For no rjh* western Hungary, R. Hoernes, Vorpon- 
tioche Erosion, Siteb. k. Akad. Wiss. Wien, 1900, CIX, pp. 811-857. * 
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occur at the end of' the Balkans, and on the border of the southern 
Carpathians, likewise’ in the Crimea; the Caucasus is accompanied by 
Sarmatian folds. Nevertheless the Sarmatian (at the same time Palaeo- 
caspian) bel/} crosses over with flat bedding from Bukovina to Bessarabia, 
its north border reaches Ekaterinoslav, then tlie northern shore of the sea 
of Azov, and finally north of the Manytsh the Caspian sea^ 

(/) Great freshwater lakes make their appearance in the valley of the 
Danube with an endemic fauna (Cardiiim, Corigeria, Melanopsis) ; traces of 
it also occur outside the Sarmatian contour, e. g. on the lower Rhone 
(Pontic stage). 

Sabba Stefaixescu s map shows very clearly that the Roumanian Tertiary 
deposits coming from the extreme west, almost from the point of exit of 
the Danube, follow the foot of the Carpathians in parallel zones, at the 
.same time forming a basin closed in the west and open towards the south 
If in connexion with this we consider Andrussow’s map of tlie Maeotic 
and Pontic deposits, wo discover the existence of a vast sheet of water, 
which adjoins on the north the Sannatian belt, and then advances towards 
the Manytsh, and then of a second sheet of water, which represents 
a Caspian sea very much extended towards the north. To the south-east 
of the Pontus, in the government of Kutais, Michailowski and Weber have 
also established the presence of Pontic deposits ,, 

(y) The closing of the ba.sin increased, but, in south Bessarabia, sands 
with Carclium semisulcatu7n, C. novovosHUumy Uiiio maximuSy and other 
shells characteristic of the steppe limestones of Odessa, still contain 
Madodon longirostrisy Hippofheriuni gracUey and other species of the 
African land fauna 

(h) The Levantine stage, which in Rournania, Hungary, and Austria 
represents the horizon of MaHtodori avernenMSy appears to be but little 
represented in the more restricted area between the Pontus and the sea of 
Aral. This species is recorded as occurring to the south-west of Taganrog, 
and Levantine shells are mentioned, but with some doubt, as occurring in 
Kutais. 

(i) The advatwe of the Holardic fauna now displaces the African fauna, 
Init since the identity of Elephas namadicus and Elrphaa antiquus has 
been established by Pohlig, we see for how long a period the encroachment 
of some of the great African land animals into Europe and India must 

^ I, pi. V. I may refer to a little map by Sokolow in his History of the Steppes around 
the Black Sea, Pedologie, 1904, no. 3, 44 pp. (in Russian). 

* Sabba Stefanescu, jfitude surde terrain tertiaire de Roumanie, 4to, Lille, 1897, 
178 pp., map. 

* G. Micbailowgki, The Pliocene of some regions of the West Caucasus, Verb. Min. 
Oes. St. Petersb., 1902, 2. Ser., XL, pp. 129-177 (in Russian). 

A. Wenjukow, Unterpliocene Sauge^hierfauna in den Sanden SCId-Bossarabiens, 
Verb. *Min. Ges. St. Petersb.. 1901, 2. Ser., XXXfX, pp. 31, 32. 
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have persisted. If we coinpai'e Pilgrim’s desci'iptiosi of the fauna of tlie 
alluvium of the Godavari, and of the cave.s of Karnul-(oij the Kistna where 
the remains of Manis still occur), with Boule’s account of the stratified 
succession in the Grinialdi grottos (Monaco), we discover that man was a 
witness of this extension, both in Europe and in India b In Europe it 
extends into the interglacial phase of the Chelk^en. Numerous relics of 
the African fauna are still living at the present day in the south of Europe ; 
in India similar relics survive as the Aryan element in the fauna of the 
cis-Gangetic region. 

(A*) We have now arrived at the (jlacial epoch. The ice advanced 
farthest in the valley of the Dnjepr, where it came down closfi to 48^ 50' N. 
The Volga represents a great line of drainage, along which tlie water from 
the melting ice flowed towards the Caspian. It now Ijecomes possible 
to gather some information from the existing hydrographical relations. 
We will take as our guides the numerous and frequently-mentioned works 
of Andrussow, and two other admirable works— that of Sokolow on the 
liman of the Mjiis near Taganrog, and Berg’s monograph on the sea of 
Aral 

At the present day tlie level of the Black sea stands almost at the z.ero 
point, that of the Caspian at —25-4 meters, and of the sea of Aral at 

50 meters. 

The species of (Jardium which characterize the Caspian fauna (Didaena 
trUjonoidcH, Adacaa pliatta, and others) must be carefully distinguished 
from the allied species of tlie Levant and the Pontus. The Caspian species 
are known in a fossil state in all three seas, but it is only in the Caspian 
that they still survive. 

Tlie deposits in which they are found occur at the same height around 
the sea of Aral and the Caspian, that is 4 meters alxive the level of the 
existing sea of Aral, and almost 80 meters above the Caspian. At the time 
of this high level the two seas were connected on the east and south side 

* Pohlig, Act. Nat. Curios., 1 892, LVJI, pp. 27G and 337 ; Pilgrim, Occurrence oiElephas 
antiquus (Namadicus) in the Oodavori Alluvium, Ree. Geol, Surv. India, 1905, XXXTI, 
pp. 199-218 ; Les Grottes do Grimaldi, 4ta, 1900; M. Boule, Geologic et Paleontologie, I, 
pp. 75-156. 

* N. Sokolow, Der Mius-Liinan und die Entstchungszeit der Limane, Verb. russ. Min. 

Ges., 1902, XL, pp. 35-112, maps; L. Berg, Der Anil-Sec, Attempt at a physico-geogra- 
phical monograph (Wissenschaftliche Resultate der Aral-p]xpedition, IX), Izviestijaofthe 
Turkestan branch of the Imp. ross. Geogr. Obsch., 1908, V, 580, maps (in Russian). The 
figures giving the water-levels are according to the more recent measurements; cf. 1, 
p. 346. The sea of Aral fluctuated in the summer of^lOOl from 49-8 to 50*28 meters. 
The literature of this region begins with HerodotuS^. Pallai*, with great penetration, gave 
a correct interpretation of many of the facts in the beginning of the nineteenth century, 
A number of publications followed, among them, in 1900. Bruckner’s studies on earlier 
fluctuations. The latest is probably that of B. Huntington, The Pulse of Asia, 8vo, 
London, 1907, 415 pp., maps. * 
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of the dividing plajhean of Ust-Urt through the IJsboi and the Sary- 
Kamysh. The Caspian possessed some communication with the Pontus 
tlirough the valley of the Manytsh. The Pontus, however, stood only 
a few meters above its existing level. Climatic influences produced a 
general subsidence of the water-levels. The seas became separated. The 
Manytsh dried up ; the Pontus continued to sink, probably to a depth of 
30 or 40 meters below its existing level. The mouths of its tributaries 
l)ecanie elongated. The Dardanelles opened up; the salt water of the 
Mediterranean flowed in, raised the Pontic level to the zero point, flooded 
the river mouths (limans ; these as they now exist have been regarded as 
a proof of continental subsidence) and killed tlie Caspian Cardium ftiuna in 
the Pontus. 

The Casputii also continued to sink, but the new watershed exposed 
between it and the sea of Aral formed an imperfectly-bounded drainage 
area belonging to the Amu-durya, which had no opportunity to hollow out 
a normal bed, and, dividing into two main branches, ilischarged itself at 
this time into the Caspian. The completely isolated sea of Aral began 
to grow salt. Gradually, however, the Amu-darya diverted constantly 
increasing (|uantities of water into this sea, and ijuite recently, according 
to the Russian maps probably since the sixteenth centuiy only, it has 
poured the whole of its waters into the sea of Aral. Subsequently, the 
Caspian doubtless sank to a still lower level; the sea of Aral, however, 
tilled up, became very nearly fresh, and is probably rising at the present 
day. 

The deposits with Caspian Cardiums which occur around the sea of 
Azov, and extend as far as the Dnjestr, contain the remains of Elephas 
ftniiquuti and Rhinoceroii Merrkl^ that is, the same fauna which has just 
been mentioned as belonging to the interglacial phase of the Chelleen. In 
the caves of Grimaldi it is accompanied by Hippopotamus, but beside.s these 
great African animals there appear here and there Eqmiii mhallus, Germ.^ 
and other Holarctic species, including man. In the Pontus this 
brackish Cardium fauna was killed by the inflowing salt water of the 
Mediterranean, in the sea of Aral it was killed either by increasing salinity, 
or at a later time by the fresh water of the Amu. In the Caspian it still 
leads an isolated existence. The Caspian Phoca probably accompanied it ; 
there are closely allied Sarmatian and Pontic seals, and it is not necessary to 
assume a northern origin. The fluviatile fauna of that time persists, however, 
in the rivers, and in part also in the seas. The sea of Aral was possiblj 
repopulated with fishes froi^i the rivers. The carp during times of high 
water-level even entered the Ts!iu and the Issyk-kul through the Sir-darya. 
Caspian Mysides seem to have travelled through the Volga to Yaroslav. 
12 degrees of latitude above the existing mouth. It is now easy to under- 
stand hr>w it happens that so rnariy fishes are common to the Danube and 
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the Asiatic rivers, and that, after changes of this kind, the fauna of the 
sea of Aral should be poor. Nevertheless some new en*de]iiic varieties and 
species make their appearance. Completely alien, and probably much 
more ancient, are the two species of sturgeon (Scaphirhynchus) .occurring 
in the Amu-darya, a river which has long been inaccessible to any new 
immigration. The nearest relations of these two species live in North 
America. The river fauna has an independent history. 

(1) Sokolow states that the Loesa with Elephas primigeidm is in part 
at least older than the submergence of the limans, and consequently than 
the opening of the Dardanelles. The aridity which gave rise to the Loess 
at the close of the glacial epoch has been brought into connexion with the 
sinking of the water-levels. In any case it does not seem to have come to 
an end. It manifested itself not only in the Ccispian, but in the Dead sea, 
lake Rudolf, round about the Salt lake of Utah, on lake Titicaca, and, in 
short, on the most remote lakes without outflow. Recent French investiga- 
tions in the Sahara lead us to conjecture that even in historic times the 
drying up of the Wadys had not progressed so far as at present. It is true 
that in this case tlie wind has exerted an effect by choking up with sand. 
From the ancient fluvial deposits of the Baringo, stone implements are 
recorded, and in the Kalahari desert the existing conditions were preceded 
by a pluvial epoch Thq effect of drought on the vegetation and through 
this on the fauna must be great. Indeed, the Edentates of South America 
have actually become sinallor, so have the Lemurides of Madagascar and 
the non-placental mammals in Australia. Wallace concludes that we are 
living in an impoverished world. 

The appearance of placeivtid mammala. A great diversity of opinion 
has been expressed, a priori^ on the circumstances which accompany a 
vertical movement of the strand-line. Distinguished investigators have 
even put forward the strange theory that sediments are only formed 
‘during subsidences’, i.e. in positive periods. But the circumstances are 
in each case so different, that only observation and comparison can lead to 
any result. Comparison is rendered difficult by the fact that it must 
embrace very great surfaces, in order to answer the first question alone, 
that is, whether the change in the vstrand-line is general and eustatic, or 
connected with phenomena of gravitation, or only local and tectonic. 

There is no dearth of sections across the strand showing the marine 
series, and affording some conclusions with regard to the marine animals ; an 
instructive example belonging to the Rhaetic period has already been given ; 
this presented positive movement with terrestrial partings (II, p. 260). 
Sections which at the same time show tlie appearance of a fauna of 

^ drogory, The Great Rift Valley, 8vo, 1896, p. 324; S. Passarge, Klimatische Verhalt- 
nisae Sti^Africas seit dem mittleren Mosozoicuin^Zeitschr. Ges, Erdkunde, 1904, pp. 1J6- 
193, maps. 
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terrestrial maramalsr are rare, and many of these only indicate an un- 
essential accidenfr dife to intercalation, and having no connexion whatever 
with a change of the strand-line. 

The negative movements occurring between the Jurassic and Cretaceous 
had already begun during the Jurassic period. The Jurassic of Northern 
Switzerland affords the earliest evidence of the impoverishment of the 
marine fauna; the alternation of forest growth, freshwater and marine 
beds on the island of Purbeck marks the oscillations. Similar conditions 
are also revealed by the Atlantosiiurus beds of the Black hills of Dakota, 
their erosion by flowing water, and the deposition of a coal-bearing series 
containing the Potomac flora in the valleys. The lithosphere was subsiding 
in fragments at pLaces possibly remote from one another ; the strand 
sinking by a eustatic movement ; the vegetation advancing and struggling 
for the possession of new ground. 

In like manner in North America the brackish water Laramie lake came 
into existence towards the close of the Cretaceous, and afterwards, in the 
basin of the Puerco river in New Mexico, a series was exposed, above the 
Laramie and beneath the Wahsatch stage, which contains the oldest 
remains of placental mammals so far known. 

It is the same in Europe, where we find the uppermost beds of the 
Cretaceous, the Danian and Montian, restrictecj to a smaller area than 
the Senonian. The marls of Meudon, the sands of Rilly and Bracheux, the 
freshwater limestone of Rilly, the lignites and plastic clay, represent in the 
Paris basin the oscillations of the lx>undary. 

Where the Cretiiceous sea was of greater depth the results took a 
different form. In Istria and Dalmatia we find intercalated in the lower- 
most marine Eocene, close to the limit of the Oetaceous, lacustrine beds 
with tropical land and freshwater shells, Stache’s Libuniian stage K 

In the eastern Sahara the sea was still deeper; and the marine Eocene 
rests upon marine Cretaceous. 

In New Mexico mammalian remains occur in the Puerco stage, the 
lowermost part of the Eocene, and some hundreds of feet higher on a 
second horizon, the Torrejon stage. They were first made known by 
Cope ; the great progress which has since been made in their investigation 
wo owe to Wortrnan and Matthew^. No species is common to both stages, 

^ G. Stache, in F. Sandberger, Land- nnd Suss wasacr-Conchy lien der Vorzeit, 4to, 
Wiesbaden, 1870-1875, pp. 120-139; and Die Liburnische Stufe, T, Abh. k. k, geol. 
Heichsanst., 1889, XIII, 170 pp., map. 

^ E. D. Cope, Synopsis of the ^/ertebrate-Fauna of the Puerco Series, Trans. Am. Phil 
Soc. Philadelphia, 1890, new ser.,*^Vl, pp, 298-360; J. L. Wortrnan, Granodonta and 
their Relationship to the Edentata, Bull. Am. Mus. Nat. Hist, New York, 1897, IX, 
pp. 59-110 ; W. D. Matthew, Revision of the Puerco-Fauna, tom. cit., pp. 259-323 ; 
Toijrejon has also been found in Montana ; E. Douglass, Cretaceous and Lower Tertiary 
Section in South Central Montana, Proc. Am. Phil. Soc., 1902, XLI, pp. 207-224. 
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but the degree of general development is similar. Mof?t of the animals are 
small ; the predominance of arboreal animals is remarkable. The Multi- 
tuberculata (Allothcria) belong to the Monotremes or Marsupials, and are 
of Mesozoic origin. The Primates (Lemurides), the creodont Carnivora, 
Rodents (?) and Ungulates are represented by primitive forms, but little 
differentiated, and the toes of the Ungulates are still divided, but besides 
these animals the family of the Ganodonts makes its appearance, and 
represents the Edentates, which have so far overtaken the other placentals 
in specialization that Wortman supposes they must have had Mesozoic 
ancestors. 

At Cernay, not far from Rheims, Lemoine has discovered the Torrejon 
stage above the limestone of Rilly. The Multituberculata occur here also, 
and as in New Mexico are associated not only with Lemurids, Carnivores, 
and Ungulates, showing the satne low degree of differentiation, Vjut also 
with great ostrich-like birds. 

In New Mexico the layers containing these faunas are intercalated in 
the midst of thick sediments ; Torrejon in particular is a single layer of 
very inconsiderable thickness. Priem describes the series near Rheims as 
an altemation of litoral beds in which tluviatile fishes, such avS Amia and 
Lepidosteus are associated with Silurides and Labrides. To the same 
alternation of beds bclopgs the rich flora of Sc^zanne which imlicates 
a warmer climate^. 

From the preceding we perceive first, tliat the oldest known placental 
fauna is associated with a Mesozoic residuum, and, as is shown by the 
Ganodonts, does not include the oldest placentals ; secondly, that we are 
dealing with forma accidentally washed in at times of liigh water, possibly 
swept out of a forest, a view suppiirted by the occurrence in France of 
beds with driftwood and Unios ; and last, that not only the correspondence 
of the land faunas, but the presence, in France in particular, of the genera 
Amia and Lepidosteus wliich occur in America both as Tertiary fossils and 
as living forms, points to a connexion between the continents. 

The most instructive fact, however, is the close similarity in the 
differentiation and the systematic subdivision of the faunas on this ancient 
common continent. In America, as in Europe, the Coryphodon fauna is the 


’ Lemoine, 6tude d’ensenible sur les dents des mammift^res fossiles des environs de 
Reims, Bull. Soc. geol. de France, 1891, 3'^ stu*., XIX, pp. 263-294, et passim ; F. Priem, 
Poissons de I’^ocenc inferieur des environs de Reims, op. cii., 1901, 4® ser., I, pp. 477- 
504 ; Saporta, Prodrome d’lme flore fossile des Travertins anciens de Sezanne, Mem., op. 
cii., 2® ser., VIII, pp. 289-435, and in particular his Lft Monde des Plantes, 8vo, Paris, 
1879, p. 213 et seq. ; M. Lerichc, Sur I’S-ge des * Saldes a Unio et Teredines * des environs 
d’iSpernay et sur la signification du terme Sparnacien. Dull., op. cit., 1904, 4® ser., TV, 
pp. 815->817. Riltimeyer has also discovered traces of the Torrejon stage in the bone earth 
of Egerkingen ; here Calamodon probably repriwnts the Edentates (Verb, naturf. 
Basel, 1890, IX, 34 pjp.). 
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next to occftpy the Eocene land. The close similarity reveals itself even in 
these fleeting gliiiipses — all that is granted to us — into the then prevailing 
conditions. In Patagonia we shall meet some confirmatory evidence on 
this pointi- 

It is quite possible that eustatic movements have their effect upon the 
world of life, either by promoting terripetal migrations, or, in the opposite 
direction, by promoting a return migration ; if they are rapid they may, 
indeed, cause the destruction of the whole litoral zone, but actual observa- 
tions fail us on this point, and we cannot venture beyond the data furnished 
by Biology. 

Places of refuge. The examples cited above, especially those illustrating 
the contrast between the processes taking place on the stable strand, and 
those affecting the Palaeoeaspian sea, would certainly invite us to a closer 
examination of the question as to how far we must distinguish between 
active and passive changes. We cannot, however, embark upon such an 
inquiry, and must adhere to the chorographic method, nor can we enter 
into the question to what extent natural selection, hybridization, and 
heredity may have been concerned in the formation of the new' species and 
genera which have come under our notice. 

If, however, we consider carefully the actual surface of the earth, we 
shall perceive that there are tracts in which terrestrial forms of life have 
been protected from the action of such physical changes ^is transgressions 
and mountain building, for a very long period. There are regions which 
since the time of the great disturbances of the upper Carlx)niferous have 
been practically untouched by such movements, and the history of these — 
extending over a very long period, as a rale from the lower Gondwdna 
down to the present day — is solely represented l>y the remains of successive 
land floras; marine sediments are completely absent. It is true that 
in these places life w'as not exempt from the influence of climatic changes, 
nor from economic disturbances produced by the immigration of invading 
organisms, nor even from the effects of complete subsidence beneath the 
sea; nevertheless floras follow'ed one upon another in succes.sive develop- 
ment, and the living world was less molested in these places than elsewhere : 
we shall term them therefore a^luras. 

From these places, after times of great disturbance, nevr colonies spread 
over the land, and for this reason we have compared them, in an earlier 
passage, to Linnaeus* island of Paradise (III, p, 149). 

We distinguish in general four of these asylums. These arc : 

1. Laurentia, including- the boundary of the northernmost part of the 
Atlantic Ocean. 

2* Angara land, namely the tableland of East Siberia, up to the Arctic 
transgressions ; possibly, also, pajts of China. 

8. Oondtvdna land (Arch-Amazonia + Arch-IJelenis of Ihering ; South 
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Atlantis -f Gondwdna land of Arldt),^ i. e. the Indian peninsula, Madagascar, 
Africa, from the south border of the Karoo to the SahsCra,^nd in the east to 
Sinai and beyond, and in addition great parts of Brazil and Argentina. 

4. Antavctia with Australia and Patagonia. 

With a few exceptions these regions have not been affected by folding 
movements since the close of the Carboniferous period ; in the northern 
lieinisphere they have formed the forelands or backlanda to these move- 
ments. It is in these regions that we might be inclined to see indications 
of the permanence of continents, if it were not that three of them present 
obvious signs of having been broken up. The regions which were laid dry 
l)y the retreat of the Cretaceous, such as the Sahara, the Caspian, and the 
Liiramie lake, belong to the periphery of such asylums and sometimes 
unite them or their fragments into larger continents. All the more recent 
mountain chains lie outside these asylums, but not all lie outside the 
region of the Gondwdna flora. The Antarctic Andes are not included in 
Antarctis. 

1. Laurenila, In North America the typical Oondwdna flora has not 
yet boon discovered. In that part known as Laurentia, the upper Carboni- 
ferous is followed, as in Germany, by the Permian Walchia-flora. The 
Newark-Hora of tire Keaipor docs not occur in Laurentia, but on the down- 
thrown eastern side of, the Appalachians, and this is also true of the 
Potomac-flora (Wealden) in Maryland. Some of its characteristic species 
continue to make their appearance as far as Texas, or again in West 
Canada, and probably as far to the north as cape Lisl>urne. They may 
perhaps indicate the margin of tlie Laurentian asylum. Many times in 
succcvssion during the Cretaceous epoch this margin was submerged beneath 
the sea, but the centre has remained an asylum even down to the present 
day. There, the faunas of land and fresh water succeed each other in an 
unbroken series. Its history, however, diftei*s in two respects from that of 
Europe. In the first place it has not experienced tlie repeated invasions 
of the sea which render the European systems so diversified and so instructive. 
Consequently, Lepidosteus, Amia, and the folded Unios were able to 
ascend fnmi the Tertiary lakes into the existing rivers of North America; 
in Europe they disappear in the middle Tertiary. In the second place, the 
principal lines of tlie configuration strike in a meridional direction, so that 
climatic changes are manifested in a simple manner, and displacements of 
the faunas from and towards the Polo can be more clearly followed. 

The oldest Tertiary sediments, Puerco, Torrejon, and Wahsatch (Cory- 
phodon fauna) belong to the periphery of tlie Laurentian asylum. 

The Torrejon stage and the Coryphodon fauna are repeated in France, 


* H. von Ibering, Archhelenis; und Ai'chinotis, gesamiiiclte Beitrage zur Geschichte der 
nootropischen Region, 8 vo, Leipzig, 1907; T. /irldt, Entwicklimg der Kontinente und 
ibrer Lebcwelt, 8vo^ Leipzig.^ 1907. ^ 
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and the succeeding faunas also exhibit on both sides of the Ocean many 
connecting links towards the Miocene these become rarer. 

These correspondences point to a continuous continent in the north. 
The fact that Amia and Lepidosteus occur in the European Tertiary alone 
. renders it altogether improbable that the only eoiiimunication which served 
for all these rich faunas lay across Bering sea. This route could only liave 
been followed by immigrating species of Asiatic type during glacial or post- 
glacial times. 

In regard to communication across the North Atlantic we are in possession 
of the following facts: Extending far from the south, almost to lat. 42*" N., 
a marine selvage (IV, p. 75, fig. 11) extends along the western coast, which 
shows that during the Tertiary aera the continent did not extend over tliis 
region into the existing sea. From lat. 42° N. towards the north the coasts 
are bare. On the island of Disko, with the exception of a few trifling 
intercalations representing the Senonian sea, terrestrial floras succeed each 
other from the lower Cretaceous to the Tertiary, almost as though this w’ere 
an asylum. The coast around cape Farewell is bare. At the beginning of 
the Miocene epoch a bridge of basaltic flows connected this coast with 
Iceland, the Faeroes and Scotland b It was covered with forest, the leaves 
of which are preserved in the associated tuffs. 

From this point onwards the situation is changed. 

On the peninsula of Tjornes (north Iceland) the plant-bearing series is 
underlain by a marine bed, whicli is correlated with the English Crag 
On the coast of Greenland, in lat, 69” 24' N. and also near lat. 75® N., 
Miocene deposits occur whicli are perhaps parts of a surrounding Ixirder. 
They are repeated in Spitsbergen, intercalated between plant-bearing beds, 
and l:)eneath this series lies a similar alternation of marine and plant-bearing 
beds but of Jurassic age. A precisely similar alternation also occurs in the 
Carboniferous, and marks repeated shallow-water transgressions. 

Finally there follow in the whole region the circumpolar, post-glacial 
transgressions under wdiich Iceland was also submerged. 

In the North, Eocene marine deposits are entirely absent. 

Thus to the north of Iceland there did probably exist a ternporaiy 
communication which was freciuently interrupted by transgressions. Since 
the time of the Eocene no communication has taken place across the Ocean 
south of lat. 42” N. in the west, and south of lat. 52° N. in the east, though 
on this side islands of considerable size may have lain near the periphery. 
In the soutli of England and in Belgium the lowermost Eocene (Thanetian) 
is represented both by marine and plant-bearing beds. 


^ T.Thoroddseri, Hypotesen oni on postglacial Landbro over Island og FasrOernc set fra 
en geologisk Syiispunkt, Ymer, 1904, pp. 392-899. 

® IJ, p. 67 ; Nathorst, Zeitschr. deutsch. geol. Ges., 1896, XLVIir, pp. 983-986; 
H. PjetursB, Zeitschr. Ges. Erdk.. 1908, p. 455 et seq, ^ , 
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These results only give us limits, and it is possible that ^Iceland was 
separated from the continent before the existence of» its basalt bridge, as 
this bridge itself seems to indicate. The whole of Laurentia, however, 
is evidently a natural unit, a foreland to the United States chain as 
well as to the Appalachians, with a flat Palaeozoic belt, only ’submerged 
by later seas on its margin, and never folded since the Cambrian 
epoch. It possibly also formed, in the western Hebrides, a Caledonian 
foreland. At the same time, in the west as in the east, we see the 
subsiding rias coasts of the western Altaides, which once extended across 
the Ocean, representing the remains of a second natural unit. Botli are 
broken up. 

2. Aiiijara latul (III, p. 19). This asylum has not 1>eeii reduced to 
fragments. The Lena and Yenisei form its toundary for long stretches ; 
towards the south it comprises the amphitheatre of Irkutsk ; towards the 
north the ancient tableland sinks gradually beneath the northern trans- 
gressions. On all the three great rivei'S which flow from the amphitheatre 
to the Yenisei —the Angara, the Stony, and the Lower Tunguska — we meet 
with the Tungusian or lower (londwana flora; Jurassic and Tertiary 
floras are known at many localities, but nowhere a marine deposit since the 
time of the lower Palaeozoic beds, which have remained horizontal. Here 
we may expect great ditjeoveries of fossil land-animals. 

3. Gonthvdna land (I, p. 387; IV'^, p.471). This vast continent extended 
from the east side of India into the west of Brazil, and to the Argentine 
cordillenis. Only in its westernmost part was it involved in folding. Up 
to the most remote points, on the east and on the west, we find representa- ^ 
tives of the different stages of tlie Gondwana flora, and from India to Soutl\ 
America we meet with reptiles which have reached a similar level of develop- 
ment. With the exception of certain encroachments of the upper Cretaceous, 
no sea has extended over this continent, now broken into fragments, since 
the Carboniferous period. 

The Gondwana flora also extended, however, into the region of the Tethys, 
thougli perhaps it occurred only in islands of that sea. In Kiishmir it 
makes its appearance betw'een upper Palaeozoic beds, and on the pass of 
Bami&n, in the heart of the Hindu-Kush, as the base of the Mesozoic series ; 
it is also continued, in some places, as far as east Chorasan. It has Ix^en 
discovered even on the Dwiiia in North Russia, where it is associated with 
similar reptiles to those found in the south, and forms perhaps a colony 
derived either from Angara land or Gondw&na land. None of these last- 
mentioned locu.lities, extending from Kashmir to the Dwina, can be taken 
into account wlien considering asylums, Since they were all subsequently 
exposed to inundations. 

Gondwdna land hiis been so frequently discussed in this work that we 
will now confine 0111*801 ves to the consideration of a particular question, 
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namely the^ manner^ in which this continent was broken into by the 
Atlantic Ocean (I, pi 288). 

The Loire, the Gironde, the Tagus, and the Guadalquivir present in 
the lower part of their coui-sc so complete a resemblance to ordinary bays 
of the sea, lhat notwithstanding the occurrence of granite on the Berlengas 
(otf the coast of Estremadura) the supposition of continuity witli a much 
vaster continent situated in the existing Atlantic region can hardly be 
entertained. Santa Maria, in the Azores, Madeira and Porto Santo are 
engirdled by the second Mediterranean stage ; during the deposition of this 
stage no continuous continent existed here, and if any settlement of these 
islands took place fi’om Europe it must have occun*ed previously, unless it 
were caused by drift'. 

From lat. 42® N. towards the south, as we have seen above, junction \vith 
an Atlantic continent is excluded during the Tertiary aera. This probably 
holds gO(xl for the region extending to the Orinoco. Although in the west of 
the European Mediterranean the Germanic facies of the Trias is dominant, 
and thus some doubt may arise as to its connexion with the Trias of Mexico, 
yet the Mexican Alainitos stage throughout its course from the Rio Grande 
to the Durango completely corresponds with the European Kimoridge. 
The Gosau facies of th(.> upper Cretaceous, with its Actaeonellas and 
Hippurites, occurs in an unmistakable manner ^in Jamaica and North 
Coahuila (in the latter l>eneath the Laramie beds). In the case of the 
Eocene it w'ould be more ilifficult to establish correspondence. We may, 
however, correlate the Lepidcx^yclina stage of Florida, Nicaragua, and 
PanaiiiH with the first Mediterranean stage (Brito or Vicksburg stage). 
About this time communication with the Pacific was open both across 
lake Nicaragua and across Panama (here at a later time also). We must 
thus assume that the Tethys, during at least a part of its existence, extended 
across the existing Atlantic Ocean. 

It is more difficult to follow the situation in the south. 

After a close (jxamination of all the facts connected with the distribu- 
tion of the African flora, Engler concludes that they w^ould be best explained 
if we could establish the existence of fairly large islands or a continuous 
tract of land hetrreen the north of Brazil, nouth-east of the estuary of the 
Amazon, and the bight of Biafro,^, Let us examine this conclusion. 

' J. C. Berkeley Cotter, Nota <le alg. tbsseis terciar. do Archip. da Madeira, Commun. 
da Commiss. d. Tnib. geol. de Portugal, 1888 1892, II, pp. 232- 254; and Nota de alg. 
fosseis terciar. da Ilha de S. Maria no Archip. d. Ayoros, torn, cit., pp. 255-287. In 
Vol. I, p. 302, misled by the resemblance of the TuriteJlae of St. Gallen, I correlated the 
Swiss marine molasse, the type of the Welvetian, with the horizon of Ganderndorf in the 
first Mediterranean stage. It corresponds to the horizon of Grund at the base of the 
second Mediterranean stage. Thus what has been said in I, p. 288 on the border of 
Atlantic islands needs correction. 

= A.%A, JSngler, FJoristische Verwandtsihaften zwischen dem tropischen Africa und 
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Broadly speaking, the mouth of the Orinoco may be taken as tjie northei n 
boundary of the Soutli American part of Gondw&na land, and the mouth 
of the La Plata or cape Corrientes as its southern boundary. 

The coasts of Guiana are little known, and probably consist pnly of the 
ancient rocks of the interioi*. They arc succeeded by the broad alluvial 
plains of the Amazon. From Para (lat. i"" S.) to Caho jPir/o, i.e. through 
23 degrees of latitude, patches of the upper Cretaceous transgression 
accompany the shore. In some places they also extend further inland, and 
must proliably be regarded, not as a selvage, but as the remains of a sheet. 
On the Abrolhos islands (lat. IS"* S.) Derby mentions a similar patch of 
sediments, associated with liasic rocks, which also occur on the mainland b 
Similar relations doubtless prevail a.s far as the La Plata. 

1'hesc facts correspoml with those observed on the border of the ancient 
Archaean plateau, a fragment of the great asylum. They also correspond 
completely with those observed on the border wliich Ihering supposes to 
adjoin his downtlirown continent of Arch-Helenis from the Amazon to the 
IjSu Plata. No Tertiary border is present; Ihering mentions a post-Tertiary 
litoral zone which extends from San Paolo towards the south b 

Let us now turn to the east side of the Ocean. As far as the Wady 
Draa no junction with a continent is to be expected. Tlie region extending 
to cape Bojador is littje known. In Rio de Oro ancient rocks and 
Palaeozoic beds advance to the sea. From lat. 23"' N. onwards a bed with 
Ostrea and Tellina is mentioned as occurring, and further south, according 
to the last communication which I ow^e to the kindness of M. Chudeau, 
a broad bay opens up ; it extends far into the interior and also towards the 
soutli as far as the mouth of the Senegal and beyond. M. Chudeau inquires 
whether this Iniy may not correspond with the Marginella beds of Tim- 
buctu. We may assume that the coast from lat. 23® N. onw-ards to at least 
lat. 15® N. belongs to the middle tertiary inland sea which extended from 
this point towards Central Afi'ica (IV, p. 89). 

At cape Verd volcanic rock rises out of recent alluvial land; the islands 
of the same name arc probably fornuHl by a continuation of these rocks. 
On one of them ancient rocks are said to occur, aiul such rocks are widely 


America, sowie uber die Aanahine eines versunkenen brasibaniscli-aethiopischen Conti- 
aentes, Sitzb. k. preiiss. Akad. Wiss. Berlin, 1005, pp. 180-231, in particular pp. 229. 

* 0. Derby, Sodiinentary Belt of the Coast of Brazil, Am. Journ. (leol., 1907, XV, 
pp. 218-237, Tertiary beds are also mentioned, but no fossils are known with certainty. 
South of Bahia, brackish beds with plant remaina aijil Dinosaurs rest upon limestone 
with Neithea ; this should indicate the negative v^iase at the close of the Cretaceous, 
which may be n*.cognized into the Argentine Andes. Thus it is doubtful whether the 
Abrolhos must be included among volcanic islands. 

® H.*v. Ihering, Les mollusques fos.siJes du Tcrtiaire et dii Crfdace sup^iieur do 
1 Argentine, An. Mus. Nac. Buenos Ayres. 1907, ^IV, 611 px)., in jiarticular p. 483. • 
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distributed# over thie part of the mainland. It is here, then, near cape 
Verd, that a possible junction first makes its appearance. 

The following tract of coast lus far as Cameroon belongs to that fragment 
of the ancient crust which was probably separated from Africa during the 
upper Cretaceous period or even later. In Cameroon, Eocene, as well as 
Cretaceous, has been met with The line of volcanos which extends to 
Anno Bom indicates the continuation of the continental structure beneath 
the Ocean. From this point (lat. 4"" N.) onwards there is unfortunately 
a dearth of observations nearly as far as Landana (lat. 5° S.), and then, as 
far iis lat. 16"* S., there follows a border of upper Cretaceous and Tertiary 
(chiefly with Lepidocyclina) which so far has been detemiined at only 
a few localities-. In Gennan south-west Africa the coasts appear to 
be bare rock. 

These data, although fragmentary, are yet sufficient to show that a 
possible continental junction may be sought between lats. 15'" and 4"" N,, 
that is, in the bight of B afra and to the north of it, but the possibility of 
its existence as far as lat. S'" S. is not excluded. To the south of lat. 16" S. 
the situation is still obscure. These facts show that it is the two parts of 
South America and Africa at present projecting farthest into the Ocean 
which atibrd the strongest suggestion of having been originally connected. 

The correspondence of these results with tliQse obtained by Engler is 
striking. Scharft* also places the connecting land to the south of the 
Atlantic groups of islands^. Ihering places the north boundary of his 
downthrowm continent of Arch-Heleuis remarkably far to the south. 
Kobelt, basing his views on the land snails, has discovered many African 
characters in the Azores ; at the same time the European Miocene is 
generally represented on the islands, and for this reason he looks for the 
connexion further to the north It is possible that at some future time 
some significance will be found in the fact that the girdle which occui’s 


^ IV, p. 92. Chautard conjectures that the separation continued into the Eocene, and 
points to the Eocene of Cameroon ; Materiel pour la jjeologie et la inineralogie de 
I’Afrique occidentale fran^aise, I, Corea, 1906, 8vo, lopp. 

^ P. Choffat, Contribution a la connaissance gtVdogique des Colonies poHugaises de 
I’Afrique, 11, Nouvelles donnees sur la zone littorale d’Angola, Commission geologique 
du Portugal, 4to, 1905, 78 pp. There is at my disposal no evidence on the existence of 
ancient mainland from Tristan d’Acunha. The island is volcanic ; a loose block of 
gneiss of no importance ; E. H. L. Schwai-z, The Rocks of Tristan dAcunha, with 
tlndr bearing on the qufjstion of the permanence of Ocean basins; Trans. 8. African 
Phil. 8oc., 1905, XVI, pp. 9-51 ; and The former land-connexion between Africa and 
South America, Journ. Geol. Chi(!Ugo^ 1906, XIV, pp. 81-90. 

R. F. Scharff, Some Remarks on the Atlantis Problem, Proc. Roy. Irish Acad., 1903, 
XXIV, B, pp. 268-302, in particular p. 279. 

* W. Kobelt, Verhaltniss der europ^tischen Landmollusken-Fauna zur wcst-indischen 
uad ^centralamerikanischen, Nachrichtejblatt d. dcutsch. Malakoz. Ges., 1887, pp. 145 
148. 
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around some of these islands belongs to so late a ‘period as the second 
Mediterranean. 

4. Ardarctis, That Australia and Patagonia were once connected l)y 
mainland has long been repeatedly asserted by biologists. Hedley, as the 
result of a detailed investigation, is led to assume the past existence of 
a region with a mild climate, extending across the south of Tierra Fuego 
to Tasmania. Osborn has even attempted a restoration based on the 
1000-fathom isobaths^. These speculations have received support from 
palaeontological discoveries, but the extensive breaking-up of the Polar 
regions and our slight knowledge of them render it difficult for the geologist 
to arrive at any decided opinion on this point. 

(a) Audralia (II, p. 149 ; IV, p. 291). The eastein part of the con- 
tinent presents the same succession of floras as that which characterizes the 
asylums from the time of the lower Gondwana onwards ; and the glacial 
phenomena which accompany the beginning of this scries in India and South 
Africa are also met with on this side of the continent ; towards the west, 
however, niarinc transgressions set in. The granites of tlie Australian 
Cordillera cross Torres Sti ait into the south of New Guinea, and Australian 
ITnios inhabit the Fly river. The east coast is bare rock and has been formed 
by a series of longitudinal faults of comparatively recent date ; the sea on 
the east may be regardcd-fis a recent subsidence. The south coast is accom- 
panied by Tertiarj^ sediments and is probably a slightly older fracture. 

Tasmania is a southerly continuation of Australia. The i?eccnt geological 
ol)servations made in Auckland and the adjficent islands reveal continental 
conditions and an original connexion with the south, possibly also with the 
south-west of New Zealand, which together with Stewart island is distin- 
guished from the New Zealand mountains by a divergent structure \ This 
was possibly the route by which the Tertiary giant penguins (Palaeeudyptes) 
reached Otago They show, along with the great Tertiary penguins of 
Seymour island, both the original connexion of these remote points, and the 
age at which these exclusively Antarctic animals existed^. Tlie horned 
tortoise, Miolania, an inhabitant of land or marshes, occurs on the little 
island of Lord Howe, as well as in recent sediments in Queensland, and an 
allied species is found in the older sandstones of Patagonia®. 

* C. Hedley, Considerations on the Surviving Refugees in Austral Lands of Ancient 
Antarctic Life, Proc. R. Soc. N.S.W., 1895, pp. 197-206, in particular p. 203; Osborn, 
Correlation between Tertiary Mammal Horizons of Europe aud America, Ann. Acad. Sci. 
New York, 1900-1901, XIII, pp. 1-72, in particular p. 52. 

See addendum at foot of p. 327 (IVi. 

* Hector, Quart. Joum. Geol. Soc., 1876, XX XII, p. 53. 

* Wiman, Bull. Oeol. Inst. Upsala, 1905, VI, pp. 247-252. 

® The existing accounts are collected in A. Smith-Woodward, Some Extinct Reptiles 
from‘T?atagonia, Proc. Zool. Soc., 1901, new' sejr., I, pp. 169-184(11, p. 162; Megalaniii 
was originally regarded as a^Lacerta). 
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The huioeroiis works which have recently appeared on the existing 
fauna of Australia do not yet seem to have led to a fresh classification ; we 
will retain Hedley’s subdivision, according to which we must distinguish ; 
1. The oldest autochthonous fauna {Eyrean, Spencer), chiefly in the 
extreme south-west ; 2. The second eiideinic fauna {Euronotian^ Tate) 
with the typical Monotremes, Marsupials, and so on, distributed over the 
whole continent, and extending in isolated representatives to New Guinea 
and the Solomon Islands; 3. As the most recent element, the Papuan 
fauna, which advances from New Guinea chiefly along the east coast of 
Queensland ^ 

Let us recall the fact that the series of land floras is preserved only in 
the east ; as regards the relative imporfaince of the freshwater fauna and 
the transgressions, it must be observed that Ceratodus still lives in Queens- 
land, and is also met with in South Victoria in Mesozoic bcds “. Thus 
relics of the Antarctic fauna, and tlie entirely alien, more highly differen- 
tiated, Papuan fauna are found together. 

(b) Pat(f (jOiiia. The discoveries of the brothers Amegliino, and the works 
of Hatcher, Ortinan, Gaudry, Sinclair, and other investigators in Patagonia 
have ma<le us familiar with a series of faunas wliich seem to have no rela> 
tions with the mammals of the northern licmisphere. It is possible that no 
single genus is common to lx)tli regions, and yet thj^^re is a certain parallelism 
of development. Unfortunately the stratigraphical <]ata are not in complete 
accordance. The latest observations of Roth confirm the much-contested 
statement that Dinosaurs occur along with the oldest mammalian fauna 
(Notostylops-fauna) ; this is never the case in North America or Europe 'h 
The Carnivores are without exception Creodonts ; the Edentates are already 
represented 1/y one great form (Palaeoi)eltis). The occurrence of Ganodonts 
in the Puerco fauna of New Mexico would lead us to expect ancestral 
E<lentates at still earlier horizons. 

We wdll not enter into details respecting this remarkable fauna. In 
North America and Europe the negative movements on the Iwundary 
between the Jura.ssic and Cretitceous and between the Cretaceous and 
Tertiary were oscillatory, and an earlier phase of such oscillations may, 
according to Roth's data, have occurred in Patagonia. 

The Pyrotherium fauna, which comes next, contains numerous animals, 
some of them of large size, and the various groups continue their evolution 
into the third or Santa Cruz fauna which is assigned to tlie upper Oligocene 

, ..j 

^ Hedley, A zoo^eographical Scheme for the Mid-Pficific, Proc. Linn. Soc. N.S.W., 
1899, pp. 39L417. 

® Smith-Woodward, Tooth of Ceratodus and a Dinosaurian Claw from Lower Jurassic, 
Victoria, Ann. Mag. Nat. Hist., 1906, sen ?, XVill, pp. 13. 

® Santiago Roth, Beitrag zurGliederung der Sedimcntahlagerungen in Patagonien und 
der Pampas-Region, N. J. i\ Min., 1908, l^Jlage-Band XXVJ, })p. 92-150 ; this also^serves 
to correct what has been said in Vol. II, p. 305 on the Tertiary formation of Patagonia..,^ 



CH. xviii] PATAGONIAN FAUNAS 669 

or Miocene, but here too the Carnivora are all small and Creodpnt ; neither 
Prol)Oscidians nor Ruminants occur; but the Edentates arc already in 
possession of their immense claws. Still higher follows the much younger 
Pampas fauna with Megatherium, Glyptodon, and other genera, the gigantic 
descendants of the older Edentates. 

The habitat of the three older Patagonian faunas by no means presents 
the characters of an ancient asylum. Cretaceous transgressions are known, 
and the ancient floras are absent. Doubtless we have here, as in New 
Mexico, only the border of a continent. Gaudry has justly pointed out 
that tins diversified fauna presupposes a much wider distributional area 
than is afforded by existing Patagonia \ The adjacent Falkland islaiuls, 
however, actually present the most characteristic feature of an asylum. In 
these islands the lower Gomlwfina flora does in fact lie upon ancient rock, 
and we are led to conjecture that the home of Notostylops, Pyrotherium, 
and the rest of these strange-looking animals must have extended out 
tow-ards the Ocean far beyond existing Patagonia. 

The fauna of Santa Cruz is doubtless much older tlian the Eurynotic 
fauna of Australia, the gigantic ancestors of which scarcely reach hack as 
far as the I'ertiary acra. In the Santa Cruz fauna, however, we already 
discern an increasing resemblance with that of Australia. Sinclair has 
recognized among the marsupials of the Patagonian fauna the ancestors or 
relations of such Australian gi’oups as the Thylacinidae and tlie Diproto- 
donts, and along with these the ancestors of the existing; Didelphidae of 
South America 

Hedley has attempted to represent on a map the boundary l:>etwcen the, 
continental islands of Australia, populated by original connexion with the 
mainland, and the Oceanic islands colonized by drift. The boundary 
coincides with that between the two inner Australian arcs, but also 
includes Viti Levu. The Papuan fauna is shown as streaming out of New 
Guinea on the south, to Australia, and south-east to the New Hebrides. 
A second stream, the origin of which is believed to be Antarctic, proceeds 
from New Zealand through Norfolk island to New Caledonia. The facts 
previously referred to in connexion with Palaeeudyptos and penguins may 
l>c regarded as a confirmation of this view. As we have already seen, 
a further trace of Antarctic life, wliich has possibly come across Auckland, 
may very well be present. Hedley regards this residue as older than the 
Eurynotic fauna of Australia, and thus arrives at the conclusion that this 
ii<urynotic fauna, with its abundance of Implacentalia, which w^e have 
always been accustomed to regard as one of ^the oldest of living faunas, is 

' A. Gaudry, £tude sur une portion du luonrfe antarctique, Ann. cl. Paleontologie, 
1006, I, fasc. 3, pp. 1~43, in particular p. 8, . * 

* W. J. Sinclair, Marsupial Fauna of the Santa Cruz Beds, Proc. Am. Phil. Soc., 1900, 
XLi%, pp. 73-81. For a comparison with Ej^ropo cf. Depwet, Trunsformation,^p. 318 
et seq. 
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in fact younger thaut^bhe faunas of Patagonia and New Zealand, and so far 
represents the latest *fossil meml^r of the evolutional series in Antarctis. 
We may suppose that its peculiarities have been preserved by isolation. 

This first survey of the Pacific arcs shows that here, in contrast to the 
Atlantic region, the task which presents itself is that of following out long 
lines. The only exception occurs in the east of the Pacific, where the 
islands are arranged in groups, after the Atlantic type; and in this 
connexion it may be pointed out that the Galapagos are possibly a panzer- 
horst, like Iceland and Kerguelen ; a vievr which accords with Baur's, wdio 
regards their fauna as continental K 

The Pacific arcs, particularly the island- festoons, as w'ell as the northern 
Antilles, present a number of connexions and separations which it is 
impossible at present to disentangle. Herr Steindachner informs me that 
Cohitk facnm, well known as one of the commonest European river fish, 
lives not only in Japan, but also in Formosa. The presence of mastodons 
in Borneo, Banca, Sumatra and Java affords another example of connexion ; 
the attempt of the brothers Sarasin to determine the order in which 
successive faunas entered Celebes reveals the difficulties of the problem 
The great asylums of land animals also serve as asylums for land 
floras and inhabitants of rivers, but for each group in a different manner. 
For the sea we have at present no means of making similar observa- 
tions. Even in the case of the laml, there may have been still other 
regions besides *those cited here ; Borneo, and high mountain ranges for 
example, have certeinly served at times as places of refuge. Whether the 
, older conception of ' centres of creation * can be applied to asylums is 
a question difficult to answer, since, as the preceding examples show, species 
and genera may arise under a great variety of circumstances, and at the 
most diverse phices, and may then migrate or perish together. What we 
observe, is an extremely uniform distribution of an upper Carbon if erous- 
Permian flora and fauna over most of these asylums, and even where this 
is absent, as for example in Laurentia, there is yet a very concordant phase 
of organic development in the Permian land fauna. There is yet more to 
be seen. The independence of the Tertiary faunas of Antarctis (Australia 
+ Patagonia) is undeniable, as is also the fact, however, that its starting- 
point, or apparently oldest element as represented by the Monotremes or 
Marsupials, does not differ essentially from that of the faunas of the 
northern hemisphere ; that even the nature of the differentiation in its 

’ G. Baur, IV, p. :i24, note 4. ^ 

® P. and F. Sanisin, Geologische Ges>chichte der Inael CeleVjes auf Gnind der Thierver- 
breitung (Material zur Naturgeschichte der Insel Celebes, ill, 4to, Wiesbaden, 1901), 
ana K. Mai*tin, Zweiter Beitrag zur Frage nach der Entstehung des ostindischen Arcbi- 
pels, Geogr. Zeitschr., 1907, XIII, pp. 425-438 ; H. H5fcr, Das polynesische alteozjfeche 
Festl&nd, Sitzb. k. Akad. Wiss. Wien, 1968, CXVIf, pp. 513-518. 
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Edentates, Ungulates, and other orders is similar in bgth cases, — that both 
types of fauna, the northern and equatorial on the^ one hand, and the 
southern on the other, approach the same goal by similar routes, but 
the southern, even in its most recent member, the Eurynotic fauna, has not 
reached the same stage of development as the widely extended northern 
and equatorial faunas. This is shown by the contrast to the Papuan fauna 
presented by the north and east of Australia. 

Without entering further into these biological questions, let us again 
turn our attention to the nature of the asylums. They coincide partly, but 
not wholly, with tectonic units. Although the north of European Russia 
presents us with horizontal Cambrian sediments, and the fauna and flora of 
CondwAna, yet it cannot be included among the asylums on account of the 
marine transgressions whicli followed. Other examples are not hard to find. 

Asylums reveal themselves as ancient lands both by their structure and 
by the fauna of their rivers. Lakes without overflow arc almost entirely 
absent, unless in fault-troughs. Even Victoria Nyanza is probably a local 
subsidence. In Africa, outside the Sahara, the sources of rivers have been 
brought so near together by retrogression, and their upper courses have 
mutually influenced each otlier to such an extent, that the fluviatile fauna 
has become uniform. This is I3oulenger’s Megapotamic sub-region, in- 
cluding the Nile, Niger, Gambia, Senegal, Congo, and Zambesi rivers, and 
lake Chad. In the Ijay of Bengal, as we have seen, the rivers of its east 
Slid west sides may once have been tributary to a jirolongation of the 
Ganges, which has since foundered in. All the oldest types of fishes live 
in asylums, as for example, tlJeratodus in Australia (Antarctis), Polypterus 
and Protopterus in Africa (east Gondwana land), Lepidasiren in Brazil 
(west Gondwfina land) and finally Amia and Lepidosteus in North America 
(Laurentia). 

The residue of a Sarmatian fauna now living in lake Baikal indicates 
an asylum situated close outside Angara land in a trough. A similar 
asylum in a trough is lake Tanganyika. Moore regards the remarkable 
relic- fauna of this lake as the remains of a Junissic marine transgression ; 
Boulanger is inclined to regard it rather as an Eocene transgression ; since 
the discovery of the Medusa of lake Tanganyika in Victoria Nyanza, 
and in the river Niger, the idea suggests itself with increasing force that 
a similar migration from the sea may still take place at the present day. 
On an earlier page similar facts have been stated with regard to the 
Mysidae of the Volga. Wo will content ourselves for the present with the 
observation that so far ncjither a Jurassic nor an Eocene transgression is 
known to approach within great distances of lake Tanganyika; further, 
that even the upper Cretaceous transgression, the most widely distyibuted 
In Cj^tral Africa, is not known in the region of the East African troughs. 
Nor, according to Bernhardt's observations (Makonde^ beds), does it ascend 



672 LIFE [PABT V 

r 

from the east over tl^p ancient highland in which lake Nyassa is let down. 
On the other hand, 'Pyrgulifera (M(X)re’s Paramelania), a genus found in 
lake Tanganyika, is widely distributed both in Europe and in North 
America in fresh or brackish water dejmits of upper Cretaceous age. In 
Hungary, especially, it occurs abundantly, associated with coal-beds of the 
Gosau formation ^ 

The river systems of the asylums are discharged almost exclusively 
into the Atlantic or the Arctic Ocean. The Atlantic hemisphere, with its 
widely extended watershed, is that of the dry land, the Pacific that of the 
sea, and, considering the trifling age of the Atlantic Ocean, the subsidences 
which divide up the asylums in that region appear almost like an 
endeavour to establish planetary equilibrium. 

In our survey of Asia (III, p. 311) we stated that all the ancient regions 
passess well-developed river-systems and a free outflow to the sea. This is 
true of all asylums. Regions such as the Caspian or the Gobi do not 
occur among them. The Djouf of the Sahara rests upon the Cretaceous 
mantle. The distinction between central and peripheral regions, and the 
difference in their value in respect to living beings, have been clearly 
pointed out by Richthofen. According to Richtfujfeyi, all asylums are 
peripheral regions. There are also regions outside the asylums which 
possess a peripheral position, such as that of lake Laramie and most of the 
Mediterranean lands. At the same time the PoTar parts of the asylums, 
owing to their ^cli mate, have ceased to serve as places of refuge since the 
Tertiary aera. The other asylums, however, are regions of maximum 
value for colonization. 

When a subsidence occurs toward.s the middle of an ocean it is followed 
by a negative eustatic movement of the strand and an extension of the 
mainland. Similar subsidences, however, have often encroached upon the 
mainland, and the gain in land laid dry has been counterbalanced by loss 
through submergence. But gain or loss, so far as it affects the living world, 
is not measured merely by the extent of the area exposed, but also by its 
nature. If we imagine that a pan-Thalassa originally covered the planet, 
then every change at that time would mean a gain for the mainland. With 
continued development of the seas the situation had become changed to 
such an extent that at the present day only 0*28 of the surface of the planet 
is dry land. Any further loss in asylum.s (except in polar regions) is a loss 
of valuable ground, and the nature of the surfaces gained has not always 


^ A survey is given hy C. Gravier, La Meduse du Tanganyika et du Victoria Nyanza, 
sa dispersion en Afrique, Bull. Sfuc*, Hist. nat. Paris, 1907, pp. 218-224, map; W. J. 
Sonias, Freshwater Faunas in the Age of the Earth, London, 1905, pp. 208-215 ; G. A. 
Boulen^fer, Distribution of African Freshwater Fishes (South African Meeting British 
Association), Nature, Aug 21, 1905, pp. 413-421 ; Tausch, Uel)er einige Conchyl^ des 
Tanganyika-Sees, Sitzb. k. Akad. Wlss. V/ien, 1885, XC, pp. 56-70. 
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Men equal in value to that of those which have been lost. On the whole, 
lowever, the loss of surface has exceeded the gaini'th^s is shown by the 
rifling extent of the existing remains, an<l the terraced islands of the Pacific 
lo not indicate that the process is at an end. The comprehensive biological 
vork of the Ghallenger led Murray to conjecture that in the Palaeozoic 
era the Oceans were not so deep as at present and were .strewn with 
umcrous islands ; later, the continental land became more continuous and 
igher, while the Oceans were more circum.scribed and grew deeper h 
This conclusion the geologist may accept in all essential points. The 
'ceans have become more rc.stricted and deeper, and at the same time the 
jntinents have become higher as a consequence of subsidences. For 
le same reason, as is shown liy the Sahara and the Caspian, the continents 
ave become more continuous, but this is due to the radial effects of 
ntraction ; in addition, we have the mountain chains as the result of 
ngential action, and these acquired especial importance at the time when 
ie Tetliys was incorporated. Treading investigatora of the moon have- 
iterapted to distinguish definite lunar diameters corresponding with 
bases of contraction. On the earth such phases cannot be recognized 
V, 599), but in spite of the risk atttiching to avei-ages we may point out 
? a remarkaViIc fact that the mean depths of the Atlantic (—3858 meters), 
le Indian (— 39.VJ9 met^ji-s), and the Pacific Ocean ( — 4097 meters) lie very 
iar a common mean of about -4000 nietei'S. 

If there were even a remote tendency in the contracUon of the planet 
establish a new, uniform radius, if the Atlantic subsidences which cut 
irough our most valuable asylums, have »ictually been produced by aij 
fort to establish planetary exjuilibrium, then we should have to fear 
progressive diminution of the area inhabitable by land and freshwater 
limals. Not life itself, but a very important, and indeed the most highly 
•ganized part of it would be doomed to final destruction, and would be 
stored to the pan-Thalassa. 

In face of these open <[uestions let us rejoice in the sunshine, the starry 
'inament and all the manifold diversity of the Face of our Earth, which 
is lieen produced by these very processes, recognizing, at the same time, 
how ^eat a degree life is controlled by the nature of the planet and 
5 fortune.s. 

' J. Murray, Report on the Scientific Results of the Vo)-age ot H.M.S. Challenger, 
wmary 11, 189;:), p. 1462. 


CORRlGKIJDAf 

Page 26, line 8. The term ‘ rich in graphite,* refers to the Mohlanubian zones 
w the Moravian region ; the dislocation on the upper March lies within tUe Snaetes. 
l^ge 194, line \,for Eastern trad Western. 
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